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INTRODUCTION 

General instructions for students working 

ia a Laboratory 

(1) To prevent unnecessary failures iri experiments and 
consequent loss of time, never try to begin an experiment 
unless you have understood the purpose of the experiment^ 
t.e., grasped a clear idea as to what you are going to do. 
To accomplish this, it is necessary to come prepared with 
that experiment from your book at home. Attend carefully 
to the instructions that might he given to you by the 
teacher before the commencement of the experiment. Next 
collect the required apparatus and place them on the table 
at the seat-assigned to you. Begin the experiment bearing 
in mind the precautions that you are to observe during its 
performance. See that everything is neat and clean. For 
a successful performance of the experiment you must try 
to acquire dexterity in manipulation. 

(2) Make all your observations carefully with ease and 
comfort for if the readings are not taken conveniently the 
experiment is likely to be hurried over. See that any part 
of the apparatus requiring frequent manipulation or 
•adjustment is placed within easy reach. There would then 
be a less chance of accidentally deranging the apparatus. 

(3) Record your observations in your note book directly 
they are taken. Scraps of paper for recording preliminary 
observations should be avi^ed. Let it not be considered f 

fhat by writing wrong observations *the page of your copy 
book is ‘^spoiled*’. If, however, a w^Oog observation is 
recorded do not try to erase but correct it simply by scoring, 
through as 38’62, and the correct entry made above or below i 

It. I 

» 

« 

Do not try to make your calculations long and tedious, * 
but try always to use the Logarithmic Tables, In the few j 
cases when it is simple to multiply or divide, use the ordi-' 
Jiary methods of xnultiplication or division. i 
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f4) Enter the observations directly as they are ina-.ie. 
Do not try to ‘‘cook’* the results. It has often been seen 
that the- students in trying to get good results put down 
observations and measurements which were never made. 
They juggle with figures and calculate in a manner which 
clearly betrays their dishonestJ^ 

(5) Make all your measurements with great eare and 
accuracy and try to estimate the smallest possible division 
where necessary, For instance if your scale reads milli¬ 
metres, estimate the tenths of a millimetre carefitlly. 

If an observation gives the quantity equal to a whole 
number of units and the measurement can be made to tenths 
or hundredths, put down the decimal to show that the mea¬ 
surement was accurate to tenths or hundredths as the case 
may be. Suppose the length of an iron cylinder measured by 
a metre rod graduated to a millimetre is found to be exactly 
12 cm., you should not express the result as such, but put 
12*00 cms. to show that you did not neglect the millimetres 
or their tenths. 

(6) Do not try to make your table dirty nor allow water, 
mercury, and other chemicals to come in contact with the 
metal parts of the apparatus. Wipe off with a wet duster 
the apparatus so soild and smear it with vaseline. 

(7) After finishing the experiment, leave the appara- 
^ tu8 neat and tidy. Throw off water and other liquids into 

the sink. Present your note book to the teacher in charge 
I who after signing your experiment (if correct) will assign 
to you a new experiment for the next turn. 

(8) Do not sit, lean, or scribble on your working table 
or walls of your laboratory. Avoid meddling with switches 
and taps. Report voluntarily al^ breakages or losses. Do* 
not wait to be detected. 


Calculations of Results.—(a) Do not try to mate your 
calculations unnecessarily long. How many decimal places 
should be given depends upon the accuracy of the data from 
which the result is calculated. It has often been seen that 
the students carry out their results to seven or eight places 
)f decimals when probably the result is not accurate to third 
place If you have expressed your quantities to the last 
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figure to which you could accurately measure, then in the 
result you calculate, you should not have more significant 
figures than what they are in the quantity which contains the 
j smallest number of figures. For example if we determine the 
volume of a cylinder 2*37 cms. long and 1*13 cm. in diameter 

it is given by 77 x 22-37 e.cs. The volume of the 

cylinder on arithmetically working it out comes out to be 
2-3768191062 but should be expressed as 2*37 c.cs., because 
our measurements of quantities is correct to three figures 

^ right to express the result to more than 

. Mhree figures. If in the determination of specific gravity we 

weigh in air and water upto *01 gm. i. e., to tw'o places of 

decimals and the loss of weight in water is 310 grams then 
the result cannot be more accurate than three figures. 

important that we must measure the 
quantities very accurately which have to be squared or cubed in 

of ob.e„‘.t“ 

(C) In most cases before performing the accurate calcu¬ 
lations approximate calculations should be made in order to 
avoid large errors. Suppose we want to find out the volume 
of the cylinder from its dimensions. 

From approximate calculations the volume is of the 

order 3 c.es. If the results had come out to be-3 c cs. it 

ou e evident that there was some large error in the 
calculation t. c.. mistake in fixing up the decimah 

(d) Estimate your accuracy in terms of percentaees 'and 

™>''o of' « 

, cms. sec and if we get the result as 






"or would be (nearly). 


as 1000, the percentage 


the experimlff^ should be paid to the weakest spot of 

cither ^aceurnt^,! This is the part where for various reasons 

«‘>U3ual acrnl “®^®“"“ents are not possible or where 
of iesul?" 
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Errors in Physical Measurements. Students should note 

that they should not feel dissatisfied if their different obser¬ 
vations do not exactly tally. Complete coincidence in our 
observations is almost out of question because a large 
number of errors called the errors of observations are bound 
to occur and affect our results in the practical class. The 
following are a few of the usual types of errors the student 
will come across while working in the laboratory. 

(1) Errors of observation. These will affect the true 
value of the physical quantit 3 ^ both positively and negatively. 
These, may be greatly reduced by taking a very large number 
of independent measurements of the same physical quantity 
and then taking their mean e,, it is the sum of series of 
observations divided by their number and may be represent- 

, , ^ , a-{~d~hc-hd . to n terms 

ed by the formula- 

when there are n observations. The arithmetic mean is 
therefore more accurate than most of the individual observa¬ 
tions. 

Mathematicians tell us that the arithmetic mean is the 
best representative value of a series of discrepant observa¬ 
tions/’ 


(2) Accidental Errors ;— 

Errors creeping into the results from unknown sources 
or in uncontrollable ways. These are avoided, for the most 
part, by taking the mean of repeated observations of the 

same thing. 


(3) Constant or Systematic Errors :— 

These errors cannot be got rid of by any g-mount of 
repitition of observations. They are due to some source of 
repetition of observations. They are due to some source of 
constant error e. g., the inaccuracy of a merte scale with 
which lengths are measured, the shifting of zero point ot a 
screw-gauge, or a spherometer, the inequality of the arms of 
jL balance, the alteration in the volume of the bulb of a 
thermometer after it has been graduated. These are then 

known as the instrumental errors. 

These errors can be eliminated by taking observations 
with efficient instalments and under different conditions. 
Thus a barometer, a thermometer or a stop-watch can be 
compared with correct instruments. In the case of a. laulty 
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iiietie-sti(;k, readings should be taken from difierent points 
on it. 

(3) Personal Errors.—These errors depend upon the 
personal habits ol a person. No two persons can read, see 
or hear alike. While using a stop-watch for noting time 
no two persons will have concurrent readings. Similarly 
while reading a burette an observer may read too high and 
another too low. No set rule can be given for the eiimiua- 
^9^ such errors. The personal equation is difi'erent for 
ainerent individuals. Such errors can be removed by taking 
care about your work. 

(4) Proportional Errors.—Such errors occur when we 
cannot measure directly the quantities involved but can 
calculate them from those that can be measurea. Thus in 
the calculation of the volume of a cylinder, the radius of 

measured more accurately than its 
length because the radius is squared. 

NOTE BOOK 

na ^ book which should have some graph 

fenresent^^^^^'^ because in Physics we often wfnt to 

of^vonr nT® graphically. The left hand pages 

71 . 

Record the following in pencil on the left hand page 

(i) -The date of the experiment. 

(^) The name of the experiment, 

(± apparatus required. 

As far i.s quantities and their names}. 

KuSirr"™ ‘ fo- 

^ the right hand page write in ink the following : — 

experiment. 

‘i name of the experiment, 

narrative fo?m manipulations in a concise and 


narrative form. 
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(4) Sources of errors. ^ 

Specimen of a left hand page in pencil. {Laboratory Be- ' 
cord). Dated. 4th Jan. 1934. 

Experiment. To determine the velocity of sound in 
air at the room temperature. 

Apparatus. —Resonance tube with a glass jar, fitted to a 
stand, a tuning fork with a cushion pad, a metre rod with 
stand, plumb line, a set square and a vernier calipers. 

Observations. 


Frequency of the tuning fork 
Temperature of the room 
Diameter of the tiihe in transverse 


No. of 
observa¬ 
tions. 


fcC 

B § 

B £ 

o S5 


r- 


to 

S-- 

I ^ 

I 2 

S 2 


u 

I 


position 

Mean 


( 1 ) 


First Resonance. 

Reso¬ 

Second 

Resonance 

1 

open end Water 

level. 

1 

nance 

column 

(h) 

open end. 

Water 

level. 


."C. 

.( 2 ). 

cms. 


Reeo- 

nancs 

column 

(^ 2 ) 



Mean l^ = . 

Calculations and Results. 

■ End correction (c)= Sxdiameter 


Mean L~ 



cms. (say) 

mnerature 


V cms. 
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(a) From first resonance position. 

V=71XX 

—eras, per sec., where c is the end cor 

rection. 

=^n(l~{-c) x’Ol metres per sec. 

(b) From lat and 2nd resonance positions, 

Y~ 2 n{l 2 — li) where is the second resonance poinj 
ank the first resonance point. j 

=271(^2—Zi) X'01 metres per sec. ;; 

Precautions 

i i 

(1) Th'e tube and the scale kept vertical, and sej 
squares used for taking readings. Taken readings correc 
to half millimetre. 

(2) End correction calculated from diameter and allov 
ed for in first formula, or eliminated by using the secon' 
formula. 


at the lowi 


4 , 


Whe 


avo 




(3) Readings of the water level taken 
surface, by keeping eyes at the same level. 

(4) Three readings each for the column taken, wht 
increasing the length and when decresing it. 

(5) Velocity is expressed in metres per second, 
calculating frequency, velocity is expressed in cms. 

(fi) Struck the tuning fork at the end so as to 
overtones. 

Specimen of the right hand page {in ink) 

Dated, the 4th January 192^ 

Experiment ,— To determine the velocity of sound 
air at room temperature. 

Apparatus, — Resonance tube with a glass jar, fitted 
a stand, a tuning fork with a cushion pad, a metre rf 
with stand, plumb line, a set square and a vernier calipers 

Method. I fitted the tube to the stand as shown in t 
opposite figure and filled the jar with water. The tuning fo2 
after being struck against the pad was held with the rig^. 
hand of the mouth of the tube in the longitudinal positit^; 
(edgewise). With the left hand the length of the tube w; 
radnallv increased so that the sound heard becomes tl 


u 


% 
f' 
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ance coUiran. Again the tube \v:\s fixed to the stand and 
the readings were obtained by first increasing its effective 
length and then decreasing it. I .changed the length of 
small amounts (one m.m. or two) when it was near the 
proper j>ositJon. The tube being long enough the second 
position of resonance was similarly obtained and the 
readings were recorded in a tabulated form as given below. 
While taking readings the tube w as kept vertical with the 
help of plumb lines and tbe readings were taken by sliding 
the set-squares along the vertical metre scale in the usual 
manner. The end correctioii wtis determined either by taking 
readings with calipers of the internal diameter of the tube 
or was eliminated by taking the two resonance positions. 

Result. 

♦ 

Sources of Error : — 

(1) The measurement of the length would be wrong, 
(a) for non-verticality of the tube (b) for, wrongly strik¬ 
ing of the tuning fork. 




MECHANICS 

CHAPTER I 

CONTRACTED METHODS OF CALCULATION AND 

LOGARITHMS AND THE USE OF 
LOGARITHMIC TABLES 


Contracted Methods of Calculation. Students who are 

unfamiliar with logarithms often waste lot of time in calcu¬ 
lations. They multiply and divide and retain more signi¬ 
ficant figures than are actually needed in the experiment. 
For their convenience, contracted methods of Calculation 
are used as given below : — 

Multiply 4895693x31*4896. 

Before proceeding with the method we shall give certain 
rules which must be grasped. 

Rule 1. Shift the decimal after the first digit in every 
number of the expression to be computed and then to keep 
the meaning the same we multiply the whole by the proper 
power of 10. For instance the above two numbers 
4896693 X31’4896 can be put down as 4 S96xlO® and 
3*149x10 respectively. 

2. To show the result correct upto 4 significant figures 

retain not more than 4 significant figures and if the digit 

after the 4th is greater than 5 the fourth digit should be 

increased by one and reject all digits after the fourth. If the 

fifth digit is less than 5 reject it, keeping the fourth 
unchanged. 

3. Take the number having the simpler and repeated 

digits as the multiplier. Write down the multiplicand as it 

IB and the multiplier (as given below in the method) in the 

two rows one below the other and draw the usual horizontal 

line. Draw also a vertical boundary line from it straight 
downwards. 

. Method. Place the unit figure of the multiplier under 
he fourth (marked) digit of the multiplicand and set down 
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all the other -(iigits of the multiplier in the reverse 
order. Insert zeros if necessary so that every figure of the 
multiplier may have a ligure above it. Place the partial 
products with their riglit hand digits under one another ; 
add them and mark off from the right 3 places for decimals. 
If there are four figures in all in the product, this is the app¬ 
roximate answer to four significant figures. But sometimes 
as in the example below we get five figures. In such a case 
the figure adjacent to the vertical line should be neglected 
if it is less than five. If five or more than five, then add 
one to the fourth (next) figure anci omit the fifth. 

4- 8 9 0 
9 4 1 3: 

1 4 (3 S 

4 tj 0 -^489 X 1 plus 1 for 6 >< 1=6 
1 9 fii == 48x4 plus 4 for 9x4=36 
4 3 ; = 4x9 j*iu.s 7 for 9x8 = 72 

* 1^4 1 ^ 

Ilesult = 15'417xl0'=i*542>' 10'^ 

Contracted division. 

Divide '06862368 by 723'7362. 


This may be put 


lib JLLlcl^ 1-1 

Divide 6-862x10'^ by 7-237x10*. 


Rule. 1 Shift the decimal point in the divisor so that it 
may have one integral figure and make the compensating. 

change in the dividend. 

2 Ascertain by inspection the number of integral 
fieures in the quotient. This number plus the required num¬ 
ber of decimal places gives the number of significant figures 

in the quotient. 

3 Proceed with the division in the ordinary waj 
4 .U + Qt pfirh stane instead of bringing a new figure from 
the dividend reject a figure from the right of the divisor, 
remembering however on multiplication add the nearcs 
ten from the multiple of the digit last rejected. 
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Thus 7237) 6862(*048 

65133 



=723x4 plus 3 carried i'lum 7 x4 —2S 
= 72x8 plus 2 carried from 3x8=;^d 


Result=*948 x 14“^ 

This may be put down as 9*48 x 10“^. 

Common Logarithms. To reduce the often tedious and 
complicated processes of multiplication and division, square 
root, cube root etc., to the simpler .uid easier processes of 
addition and subtraction, the principle of logarithms has 
been introduced.* 


Definition. We know that 10^=100, lu^~10, 10®=1, 
10*^ = * 1 and 10'2—-01. We may write thcvse relations in a 
different way. 

(1) 2 = logarithm of 100 to the base 10 

( 2 ) 1 = ,, ,, 10 ,, ,, ,, 

(3) 0= ,, ,, 1 ,, ,, 

(4) ^1= }j ij 1 M >J •» 

(5) -2= „ „ *01 

In general, let =M; 

X is said to be the logarithm (in short, log) of a number M ' 
to the base a. In Common Logarithms the base taken is 10. ' 

From the above it is evident that in (1) and (2) Ihej 

logarithm of a number lying fietweeii 10 and 100 is positive ' 

and is greater than 1 but less than 2. For numbers between 

10 and 100 the logarithm has therefore an integral part and.^ 

a fractional part. Similarly for numbers greater than i and- 

less than 10, the log is always positive and lies between 0^ 

and 1, i,e., it is alw ays a fraction, or its integral part is 
zero. ^ 

*Note. At first the consultation of Logarithmic tables by th^ 
^udent apprars to be tedious, and is not iree from serious mistake**' 

But on practice he will always find them useful and convenient. ^ 


r 
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The integral part of a logarithm is called the charac¬ 
teristic, while its fractional part is known as the mantissa. 
The latter is always expressed in decimal. 

To find the characteristic of the logarithm of a number. 

Rule, For a number greater than 1, the characteristic 
of its logarithm is always positive and is one less than 
the number of significant digits in the whole number part 
of it. 

From relations (3), (4) and (5) it is clear that for a“num- 
ber less than 1, or for a fraction, the logarithm has 
always a negative characteristic. For a number less that 1 
and greater than T, the characteristic of its logarithm is 
negative and is—1, »,e,, a number one more than the number 
of zeros after the decimal. Similarly for numbers between 
T and *01, the characteristic is negative and is—2, i.e,, a 
number one more than the zeros after the decimal. 

Rule. In the logarithm of a number less than 1, the 
characteristic is always negative and is a number numeri¬ 
cally one more than the number of zeros after the decimal. 

The characteristic of the logarithm of a number can 
thus be written by inspection only and it depends on the 
number of significant digits before the decimal or the num¬ 
ber of zeros after the decimal. It is either positive or 
negative. The negative (—) sign is generally put above 
the digit, and is called the ‘bar’ for example T=one bar, 

2 = two bar, etc. 

To find the mantissa of the logarithm of a number. 

Rule. The mantissa or the fractional part of the 
logarithm of a number depends only on the significant digits 
In the number and is independent of the position of the 
decimal in it. We shall prove this rule later. 

It is always difficult and tedious to calculate the man- 
bissa. It is calculated for all numbers generally up to four 
igures and the results are given in the form of tables called 

;he Logarithmic Tables. 

In order to consult the logarithmic tables for finding 
.he mantissa, we ignore the position of the decimal in the 
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number. In the first column of the tables are given the 
numbers 10 to 99. In front of these numbers are \\ritten the 
mantissa in four figures (supposed to begin with a decimal 
which is generally omitted), under the heads marked 1 to 9. 
After these are rows of numbers given under heads 0 to 9 
in columns called the “difference columns'’. For a number 
consisting of four significant digits, find the first two digits 
in the column of numbers, and pass on in the same row. 
Under the head of the third digit in the number is the 
mantissa of the number consisting of the first 3 digits or of ^ 
the number with 0 in the fourth place. 

Find the fourth digit in the heads of the difference 
columns and add the number given below it in the same ' 
column and against the number, to the digit in the fourth 
place of its mantissa. 




Find the logarithm of the number 34*56. 


The number consists of two digits before the decimal or 
the whole number part of it, hence the characteristic of its 
logarithm is 1. It is-|-l, because the number is greater than 1. 

For the mantissa consult the tables. Ignore the position 
of the decimal, and in the first column find the number 34, 
In the row of this number and in the column under the head 
5 is the number 5378. In the same row under the difference 
colu^ marked 6 is the number 8. Add this 8, to the digit 

place of the mantissa and we get the number ^ 

5386 which is, therefore, the mantissa of the logarithm of! 

34*56. , 

1 1 

The characteristic is -J-l and therefore the logarithm of 
o ^ The sign of plus (-i-) is generally* 

The following rules are useful in finding the product or* 

the quotient of two numbers with the help of the logarithmic 
tables :_ * ® 


nu 


(1) I-oga(MxN)=log^M-hlog^N, 

loers. 


where M and N 


are 


I, 

two^ 


and N=o>', or sc=log„M and 3 /=logaN, 
MxN=o*xa>'=a*tJ'. ^ • 

Wa (M:xN)=a:4-j/. 

Hence Loga (M X N)=log^M-4-Iog..N. 
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Rule. Logarithm of a product of two numbers is 
sum of the logarithms of the numbers. 

Similarly Logrt(L X M x N) =LogrtL +log^M-f log^N 

(2) Log^ ^=logaM-log„N. 


the 


N 


Let N=a^ or }og^M=a: and logrtN = 2/- 

^ r-v 

N=“ ^ 

M 

Hence log^ —= 0 :—y===logaM—log^N. 


N 


Rule. Logarithm of the quotient of two numbers is 
difference of the logarithms of the numerator and 
•denominator. 


the 

the 


(3) Log« (Mr log M. 
Let M=a^, or logaM=rc. 


(M) 


(a^) —a 


Fx 


lienee logfj(M)^ =Pxs=P log^M. 


Rule Logarithm of a number raised to the power P 
is the product of P and the logarithm of the number so 

raised. 


To find the number from its Logarithm. 

The number corresponding to a given logarithm is called 
its anti-logarithm. To find a number from its logarithm, 
anti-logarithm tables are used. 

The mantissa only of the logarithm of a number deter¬ 
mines the significant figures in the required number. Ihe 

characteristic of the logarithm determines 

the decimal, and is, therefore, omitted in con:.ulting the 
table for finding the required number. _ 

The first column of the anti-logarithm tables co^“« 
mantiss® from 00 to -99. Against these are rows 
consisting of four digits, under the heads 0 ^ 9, as i 

tVip rase of the logarithmic tables the fourth djgit ot the 
Sn“;r; fo„„/u„der th. heads .f the 


mu 
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two digits of the mantissa is added to the fourth digit of 
the corresponding mantissa and we get the significant digits 
in the number. 

The characteristic of the logarithm determines the posi- 
tion of the decimal in the number, as explained under the 
rules for finding the characteristic of a number. 

Examples. Find the anti-logarithm of 2*8158 or the 
number whose logarithm is 2*8158. 

We first take the mantissa *8158. In the row against 
*81, and in the column under the head 5 is the number 6531. ^ 
To the fourth digit of this add the number 12 occurring in ' 
the same row and under the head 8 in the difference column. 
This gives 6543, the significant digits in the required number. 

To locate the decimal, we have 2 as the characteristic, 
and therefore the whole number part of the number consists 
of three digits or the number is 654*3. 

To show that only the. mantissa of the logarithm of a num^ . 
her determines the significant figure'i in the number. 

Example . Log 1 * 23 4=^=0 • 0913. 

1. Show that log 1234=3*0913. 

i ^ 

We have 1234=1-234x1000. 

log 1234=log 1-234+log 1000. , 

But log 1000=3, the mantissa being 0. I'? 

log 1234=0-09134-3=3 0913. 

2. Show that log *01234='2*0913. 3 

We have •01234 = l*234y _, 

100 

log •01234=log i-234+logy^ ^ 

,1 . 

100 or log *01=2. log •01234=0*0913d-2==.2*09] 

It is obvious from the above that the mantissa of th 
logarithm of a number depends solely upon the .significar 
digits in it and vice versa. It is also always positive. If tl 
characteristic happens to be negative, the mantissa and tfc 
characteristic of the logarithm should be separately treats 
when multiplying or dividing them by a number. 
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Example 1. Using log tables find the value of 
ii) 23-51 X6-78, (U) 23-51-^6-78. 

(Hi) ->^23^ (iv) (6-78)^'^*’ ' 

(r) (•678)-1-301- (B. U. 1930) 

{i) Log 23-51=:l-3713 

Log 6*78=0*8312 


By addition 

2-2025 

Anti-log 2*2025 

= 159*4. 

(ii) Log 23*51 ' 

= 13713 

Log 6*78 

=0*8312 

By subtraction 

0*5401 . 

Anti-log 0*5401 

=4*868, 


(in) Log (23-51)3 =1 log 23-51 [Log 23*51=1*3713, 

=Jxl 3713 
=0*4571. 

Anti-log 0*4571 =2-865. 

(iv) log (6-78) ^ 

=2-34xlog 6*78 ; log 6*78=0-8312 


= 2*34x0*8312 ; log 2-34=q^’3692 

{ log0*8312=l'9197 

=1'945 by addition 0*2889 

Anti-log 0*2889=1*946. 

Anti-log 1*946=88*10. 


(v) Let (-678) 


-1*301 
Log x~ 


-I SOlxlog *678 

I-301.xlog,-^ 
1-301 (log 678-3) 


* 
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[Log 678=2*8312] =1-301 (3-2-8312) 

=l-301xl688 = -2196 
Anti-log *2196=1*658 a;=l*658. 

Example. 2. Find the value of 

{i) («) ^ *03r42. {in) ^'-OOSn^ 

(i) Log (-31^)^ =Jxl^g-3142 

[Log •3142=1-4972] =^Xl-4972 

=^(2+1-4972) 

(On adding — 1 to characteristic, to make it divisible by 
2, and adding+l to mantissa). 

= r7486 

Anti-log 1*7486 =*5606. 

(«) Log (-03142)^ =Jxbg-03142 

=JX 2-4972 
=|x (“3 + 1-4972) 

= 1-4991 

Anti-log 1-4991 —-3166. 

(in) Log (-003142)^ =Jx|og 003142 

=5 X 3-4972 
=J(4+l-4972) 

=1-3743 

Anti-log 1-3743 =-2368. 

Other examples will be found in the Text. 


Note.*—'S ometimes it ia very convenient to place the deeimal after 
the first digit in every number of the expression to be computed because-^ 
in that case the characteristic will be the same (i.e., aero). j 


CHAPTER II 

GRAPHS AND HOW TO PLOT THEM 


Definition. A graph is a line, straight or curved, showing 
the relation between two variable quantities, whose values 
<iepend one upon the other. The quantity whose value 
depends upon that of the other is called the Dependent vari~ 
able while the latter is known as the Independent variable. 
For example in Hooke’s Law, 

Stress 

—constant 


Strain 


F 

I 


=constant 


or 




( 1 ) 



where 

F = stress, 

I - strain. 
A;=constant. 


where F, the force exerted upon unit cross-section of an 
elastic string, or the stress, is the independent variable ; and 
I the extension or elongation produced per unit length is 
^he dependent.variable. Similarly in Boyle’s Law 


p X r=constant=fc.(2) 



where 

p=pressure, 

_volume. 

The volume of a certain mass of a* gas depends upon 
the pressure exerted upon it, the temperature remaining 
constant. The pressure {p) is the independent variable, 
while volume (v) is the dependent variable. 

Or again in Ohna’s Law, 

f v'here 

E ^ ^ I E=electro-motive force, 

— =R=constaiit ^ c=current, 

or E=RxC . (3) ( R=resistance of a con- 

[_ ductor. 

The value of the current through a conducting wire 
depends upon the E. M. F. applied at its two ends. The 
current (C) is, therefore, the dependent variable and the 
E M. F. (E) is the independent variable. 
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(1) and (3) ; ^ 

.(5) 


The equations (1). (2) and (3) represent relations 

between two quantities, whose variation can e 
studied by means of graphs. We know from Co-ordinate 

Geometry that 

^ J \ 

y — mX‘\-C .^ f 

represents a straight line, cutting the axis of x at an angle 
whose tangent is =wi, and the axis of y at a distance c 

from the origin. 

This equation is of the form of equations 
■c=0 and m—h 

y=kxx 

a straight line passing through the origin. i 

The above equations, therefore, can also be represented 
by straight lines. 

Equation (2), which stands for Boyle’s Law, is of the 

form 

2 :^= constant=A: 

and it represents the . curve called *‘rectangular hyperbola. 
This can, however, be put in the form of equation represent¬ 
ing a straight line thus : — 

Taking logarithms of both sides, we have 
log p l-log 'y=log = constant 

I 

or x^y=c where i 

or —x+c fx=logp, 

•{ y=\og V, 
l^c^log k. 

This is of the form y=mx-\-c, as 
alternately, 


in the above. 


i 

4 . 


4 


pXV-=rk 


or 


or 


P 


V 


k 


p= h X 
y^kXx 


\ 

V 


r If y=p 






I 

This is of the form of equation (5). 


% 


r 

i' 
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We come to the conclusion, therefore, that if the ratio 
of the two variable quantities be constant, the equation 
represents the definite law for which it stands and can be 
represented graphically by a straight line. The two 
quantities are said to be in direct ratio to one another, 
or one directly proportional to the other. The equation 
is called a Linear Equation. If the product of the two 
quantities be constant, the question or the law, for which 
it stands, can be shown by a graph, which is part of the 
curve ^rectangular hyperbola.* The two quantities are 
then, in inverse ratio to one another, or one is inversely 
proportional to the other. The latter can, however, be 
put in the form of a relation bearing direct ratio, the 
graph is then a straight line.* 

Let us now find out how we can show and study these 
laws graphically. 

How to plot graphs. —Graphs are plotted on ruled paper 
on which two sets of parallel lines are drawn at equal 
distances and at right angles to one another so as to form 
squares. This is called graph paper or squared paper. 
The divisions are either in inches and tenths of inches or 
centimetres and millimetres. The smaller divisions are in 
fine thin lines, and the larger ones in bold thick lines. 

The experimental data are, at first, collected in twa 
parallel rows or columns. This is obtained throughout the 
whole range of the experiment and sufficient readings, 
never less than five, are taken for the two variable quanti¬ 
ties, appreciably different from one another. 

Two thick lines, at right angles to one another are 
selected near the bottom and the left-hand edge of the pape^* 

IS the axes of reference or the co-ordinate axes, ine 
lorizontal line is marked O—X and is called the X.a:as^ 
mdthe vertical one marked 0-Y is known as Y-ams^ 
[)i8tances measured along the X-axis are called the 
md those measured along the Y-axis the ordiTiates, 0, the 

►ommon point on the two axes, IS the ortptTi. Arrowheads 

irawn along the two axes generally show the directions in 
drhich the distances are measured. 


. _Wo oonerally deal with such simple graphs m exporimen 
d wo*. But tfere are other more complex relatione which we shall 

•1209 under examples. 



GRAPHS 


13 


The independent variable, or the quantity whose 
change we do not want to study, or in which we are little 
interested is shown along the X-axis while the dependent 
variable, or the quantity which is the subject of our 
study, or which interests us more is marked along the 
Y-axis. The two quantities are written down alont^ the 
axes below the arrowheads. 

If the quantities obtained are in decimal fractions, 
these are changed into whole numbers by multiplying them 
with suitable factors. i,e., 10, 100, 1000, etc. 

Such factors in the ratio will change only the constant 
involved and shall have no effect on the shape of the curve 
or graph. This is generally done orally to save time and 
the trouble of re-writing the‘quantities involved. 


It is always advisable to draw as large a graph as possi¬ 
ble in the space available on the paper. This is also 
desirable to show the relation more clearly. This requires 
a suitable choice of the units and the origin. This minimum 
or the smallest quantity or number, as the case may be 
IS subtracted from the maximum or the largest, and the 
difference is increased to the next higher round number 
ha-vong id place of unity4u^The number so obtained is 
ividecl by the largest number of large divisions, available 

it is divisible. The quotient 
gives the quantity or the number to be represented by one 

allont ^ centimetre. This is wTitten 

two quantities are shown. 

The smaller divisions, or tenths of inches or millimeters 

tz « 0 „,.nS to 

auantitipo fbetween the maximum and minimum 

not a fraction to be represented by the smaller divisions.* 

sarv tLt possible graph, it is also neces- 

__ary that the origin be taken to represent the quantity, or 

failure* choice of a proper unit depende the success or 

resourcefiilnllt draw a good graph aad it is here that his 

nrofifflliiA fi-nd ingenuity is taxed to the utmost. It is neither 
Kn^^ w n" Sivo hard and faet rules for this. A cateful 

himself, ^ ^ overcome his difficulties by drawing a few graphs by 


i 


t 

k 
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iiumber, ^yhicii is the next lower round number to the 
minimum quantity with zero in the unit place. The extreme 
point marked on the thick line near the right-hand edge of 
the paper, will then stand for the next higher round 
number to the maximum quantity. 


In order to make it easy for plotting the various 
readings, it is better to mark the large divisions along the 
two axes with proper values, which may not be those 

included in the data. 

The points on the X-axis corresponding to a reading ol 
the quantity to be shown along it, is ascertained and from 
this we pass along the vertical line to a distance equivalent 
to the corresponding reading of the second quantity and 
mark the point by drawing a small circle round it by means 
of a cross. All other points are similarly marked.* 


A glance at the series of points so plotted will at once 
show if the graph is to be a straight line or curve. In the 
first case with the help of the ruler draw a fine line, which 
passes nearly through all the points, being careful to see 
that it passes through the maxinaum number of points, ii 
the points do not appear to lie in a straight line, they 
be ioined together by a smooth curve drawn either free hand 
or with the help of a flexible steel tape or clock spring- 
The curve drawn should not be jerky or zigzag and should 

uflss through neoHy the points. . . , 

^ We shall now attempt to make the above points clearer 
bv giving a few examples. 

Example 1. Draw a graph for the densities of water at 
different temperatures from the following data : 


! Temperature! O^C 4'^C 


8'C 12'’C 16'C 20"C 24'’C 


Density -9998711'OOOOO-99988 -99953 • 99897j-99823-99732 

.Nole.-ln the cai lier on Jha 

grnatThl'rasIsianihcan^git. in his "Cnce^'^the experiSnh 

possible" but it should not be ms.sted 

upon. ;; 
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Fig. i 


We show temperatures iilong the X-axis and the varia- 
Uon of densities wliieh we desire to study along the Y-axis 

Refer to Fig. 1 . 

Taking tne first thick line near the left hand edge of the 
paper as ouj- axis of Y, lot us say that there are six inches 
available along the axis of X. One inch can conveniently 
represent 4*^0. The readings for the temperature are, there¬ 
fore, marked as 0, 4, 8, 12, etc. 


Convert the readings for the densities into whole 

numbers by multiplying them with 1 , 00,000 or by shifting 

the decimal five places to the right. The maximum ndmber 
^ be allotted is then 1,00,000 and the minimum 99,732. 
1 heir difference is (1,00,000-99,732)=268. The next higher 
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round number -vrith zero in the unit place is 270. Taking 
the lower-most thick line as axis of X» let us say that there 
are ten inches along the Y-axis. Dividing 270 by 10 we get 
■27 as the number to be represented by 1 inch. The smaller 
division will then represent 21. It is better to have 300 as 
the ne^^t higher whole number to the difference as the larger 
division will then represent 3, i. e., 1"=’003 and 0 r'=-0003. 
"This will then be the limit of accuracy shown by the graph. 
We do not start with zero as the origin but with -99730. 

The points are marked as shown in the graph and a 
smooth curve drawn through almost all of them. 

The sharp bend in the curve shows clearly the anomal¬ 
ous behaviour of water when its temperature is raised. 

Example 2. Draw a graph for the length I, and the 
periodic times t, of a simple pendulum from the following 
series of observations obtained in an experiment, and show 
that it is part of a Parabola :— 



Obs. 

No. 


18-88 34-21 49-32 i 64*86 80-43 i 95*45 110*7S..cms; 


0-87 




1-40 

1-61 ; 

1*80 

1*37 

i 

2-69 

3*22 



1-37 


In order to show clearly that* the graph drawn is of the 
' form of a Parabola, we take origin as zero, both for the 
length and the time. 

i Let us say there are six large divisions, inches in this 
I case available along the X-axis and five and a half along 
■’the Y-axis. We show lengths as abscissae and time periods 

as ordinatesy The maximum length taken is 11();78 cms. ; 

1 but to suit our requirements and the space available on 
tmver. we neglect the decimal part of it. The next higher 
number divifl®le by 6 is 120. One inch can, therefore. 
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Ordinate::Periodic time in seconds 

Scale : sec. 

0'l''E-03 „ 


represent^O^cms. and we write along the abscissa I'^E^Ocms. 
The maximum value for time is 2^0 sec. Converting all 
readings for time into whole numbers we get 210 as the 
largest. The next higher round number divisible by o‘5 
is 220, One inch, therefore, stands for *40 or 0*4 sec. Along 
the ^-axis we note r'^0-4 sec. y/ ^ 


We next mark the inch divisions in lengths and half 
inches in seconds, and begin plotting the corresponding 
points in each reading. For locating the various points 
along the two axes it is convenient to note further the 
value of small diviaions .jA^, 0*1" = 2 cms. and 0*1'' = 0*04 sec. 
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After marking the points we draw small circles round 
them and draw a smooth and continuous curve passing 
through all or nearly all the points. It is not necessary that 
the curve should always pass through all the points plotted. 

Possibly some of our reaaings are wrongly plotted, or may 

be the divisions on the graph paper are not equally spaced. 
Yqj: Z=0, or the curve passes through the origin* 

The graph is obviously of the form of a parabola. Let us 

show this to be the case theoretically also : — 


We have , -x 

f g=acc. due to gravity, 

^=iength of pendulum, 

(^Z=periodic time. 

as ‘o’ has a definite value at the place of observations, 4 
and TT, being numbers are constant and the ratio 

TT 1 


I 


or 


— c = constant 


I 


Let 

1 

h 


where h is also a constant 



k 

or i^==k.l, ^ 

f Put' 1 

o/ ^ y=t 

I x=l- 

y which is .he 

:^„.“tio»^f' 'p«»holc with it. werte, «• the o,.g.o. 

The graph showing the relation there or 

length of the Seconds Pendulum from it. ^ 

If iMnstead of « is used, the relation = i can p«t 


• the form ^^constant, .here and which re^ 

m the form To judge the accuracy of 

presents a straight line. ±o j b 
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eur results and to obtain either the mean value of for cal- 

t- 

culating 'g' or to get the value of I corresponding to t = '2 sec 
or 4, we generally plot the graph as a straight line. 

Let us plot the values from the table given under exam¬ 
ple 2, omitting readings (1) and (2) for brevit}^ (Fig. a) Let 
there be 7 in. along the X-axis and 5 in. along the Y-axis. 
The difference between the maximum and minimum value of 
the round numbers approaching the greatest and the least 
lengths is 110 —40=70. There being 7 in., 1 in. = 10 cms. 
To have the largest possible graph we take 40 cms. as the 
origin. The maximum for is nearlj’'4*40 —1‘90 = 2’50, oi 
the whole number 250 is divisible by 5, tlie available divi 
sions along the ordinate, or 1" = 0*5 and ■1''E0’05. The 
origin along this direction represents the number LOO. 



Scale a^EO-S, 0:r = 0-Q5;,pr,djnate=Period2. 
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After plotting the various points, we draw a straight line 
with a ruler whioh passes through as many points as possi¬ 
ble, taking care that the points not falling along the line are 
«-qually distributed on both sides of it. 

To evaluate ‘g from this graph, we choose any point on 
r t and use the value of as obtained from the graph in 

»our calculations. The corresponding value for t—2 sec or 

[* 2 = 4 , is the length of the Seconds Pendulum, in this case 
*9‘0 cms. nearly. 

Example 4. An aetoplane is moving in a horizontal 
direction with a speed of 30 m. per. hr. (44 ft per sec.). A 
Domb is dropped from the plane when it is at a height of 
1,600 ft. Show by means of a graph that the path taken 
Dy the bomb during its downward journey is a Parabola. 

If 

=44« 

irhe value of S for ^=1, 2, 3, 4 
itc, sec. is as given below in the 
able:— 


% 

< 


h 


or ^ = 1, 2, 3, 4 eto., h 

5 follows : — 


will be 


S=horizontal distance 
covered by the plane in 
time i 

^4=44 ft. per sec. 
^horizontal velocity 
<=time 
Also if 

vertical height . 
through which it de¬ 
scends in time L 
^=acceleration due 
to gravity=32 ft per 
sec^,, ^=time. 


r 


I 


1 

■I 


L 


i.me 

i 

1 

2 

1 

3 

4 

5 

1 

6 

1 « 

1 

» < ■ 

► 'i 

i: 

44 

88 

1 

132 

1 

1 

' 176 

220 

261 

ii 

^ 1 

16 


144 

256 

400 

576 


8 


9 ,10 sec 


308 ! 352 


396 440 ft 


784 0124 


1296 


1600 ft. 


c 

£ 


The graph will be as shown in Figure 4. 


1 
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Theoretically this can be shown thus : 


or 


t = 


S 


u 



( 1 ) 


(■2) 


Eliminating t in (1) and (2), we get 

S 



2h 

or — = —. or gS^=z2zi^k or 

4 g ^ 


u 


S^ui 




2u^ 

g 


h. 




^ c 
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£Xciinple 5. I)ra\v a graph for u and v in the case of 
a convex lens from the data given below and determine the 
value of / from it ; 


Ohs. 

No. 


80’6 cms. 
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-^0-0 cms or f=5^=25-0 cms. The curve is a ‘Hyperbola.’ 

^ 2 

Refer to figure 5. 

Example 6. Plot against \ for a convex lens froiB 

U V 

the following readings and determine / for the lens. 


Obs. 

No. 


1 


0 

i 

3 

4 

4 

5 

j ^ 

1 

1 

1 



6 


% 


1 

u 

*025 

1 

•021 

i 

(US 

■UIB 

■014 

4 

•013 

1 

V 

•015 

1 

■019 

■024 

4 

■(t22 

1 

1 

(126 

1 

1 

•027 


f 


The origin for both 


- and - is at O’10, the curve, 
u V 



Fig. 6 
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which in this case is a straight line, is symmetrical to the 
two axes. {Fig. 6). The co-ordinates of the point at which 
the perpendicular drawn from the origin to the graph cuts it> 
represent the value of 



1 ^ 1 _ 2 ^ 1 1 1 

u V ~f 02 / -M 

. 100 „ , 1,11 

f=- , :=25 0 cins. Or when =0, 

■^ 4 u V f 

V or ^\lK-n * --0, ^ f=u. The origin being 

r ^ .>rn 

“ = '•=-/=-.jy 4 =-| =25 0 cms. 


or 


010 , 


Example 7. Draw a graph for (a) natural numbers 
and their squares, (6) natural numbers and their reciprocals, 
(c) natural numbers and their logarithms. 

The values for the squares and reciprocals may be 
obtained from the tables. 

Example 8. Plot graphs for (a) angles and their sines, 
(6) their cosines, and {c} their tangents. 

Note, Other graphs as exercises have been given with 
the various experiments. 


! Uses of Graphs : 

!; The graphic method has proved to be very instructive 

' and useful in understanding and solving many physical pro¬ 
blems. The following are some of the uses to which it has 

-been put:— ^ 

(1) It has proved very useful in determining the laws 
1 ^ under which the variation of one quantity takes place with 
respect to another. 

i' It has a special significance in higher research work 
i ' both in the formulation of empirical Ihws and m predictmg 
I; results of an experiment. 

i (2) We can study at a glance the changes undergone 
I by one quantity with a change in another, 

^ (3) We can test the accuracy of the results obtained in 

^in experiment involving the change of two quantities. 
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(4) The mean value of the ratio of two variables is 
more accurately and easily determined. 

(5) It has proved very useful in the calibrations and 
corrections of the readings of physical apparatus. 

(6) By means of interpolation we are able to ascrertaia 
the probable value of a quantity, which lies beyond the 
range of observation • by experiment, or which is difficult 
to obtain under the circumstances in which the experiment 
is performed. 

(7) It is easy to compare the behaviour of two sub¬ 
stances w'hen subjected to similar conditions in an experi¬ 
ment. 

I* instructive to study the anomalous behaviour 

01 liquids in transition to the solid or vapour conditions, 

and in determining the temperature at which the change 
of state takes place. 

(9) It is sometimes useful in solving physical problems 
and determination of areas enclosed by curves. 

.. is of great practical importance in simplifying 

Je study of the change of one quantity with respec? to an- 
other in various problems of everyday life. 

of seVirS nW in the record 

manv changes brought about in nature and 

many commercial processes. 


CHAPTER III 

MEASUREMENT OF LENGTHS AND ANGLES 

Units of Length. The science of Physics is based largely 

exact measurements and to render such measurements 
intelligible it is necessary to express them in some con¬ 
venient or conventional standards. The unit of length 
adopted in the C. G. S. system (or in scientific world) is the 
metre or the distance at a particular temperature between 
the ends of a certain platinum rod deposited in the national 
archives at Severs. Wooden copies of this usually consist of a 
box-wood rule divided and subdivided into centimetres and 
millimetres. 

In the F. P. S. system (which is adopted in the British 
Empire only) the standard of length is the yard. It is the 
length between two marks on a certain bronze bar (deposited 
with the Board of Tracle) at a certain fixed temperature. 
The vard is divided and subdivided into feet and inches. 

Methods of Measuring Lengths 

(a) Measurement of Straight Lines. Suppose we want 
to measure the' length of a straight line AB. In order to 
do this we should take a metre rod and place it edgewise 
on the line AB so that while A lies exactly on a cm, mark, 
say 1 cm. (not zero because the edge of the rod is always 
worn), B will lie either exactly under some division or bet¬ 
ween two divisions. In the latter case, the fraction of a 
millimetre necessary for' exact measurement is etiraated in 
tenths and the length AB (which may be supposed 10 cm. 
and 2*3 millimetres) is represented as iO'23 cm. If the length 
had been 10 cm. and 2 millimetres exactly it would have 
been put down as 10-20 cm. and not 10*2 cm. If AB hap¬ 
pens to be exactly 10 cm., the length should be put down 
as 10*00 cm., the two zeros signifying that the measurement 
is supposed to be correct within tenths of a millimetre. 

Error of Parallax. It is important to hold the scale so 
i>hat the divisions are exactly in contact ydth the line to be 
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measured. This should be done in order to avoid errors due 
to parallax. Suppose we are to measure the length AB which 
^ when correctly measured is 5-90 cms. If the metre rod is 

<3 



Fig. 7. 

placed fiat, the point^^ A and B are not close to the division 
lines and the measurement will differ with the different 
^ positions of the eye of the observer (Fig. 7). B' and 
B" are ’incorrect positions of the eye. B' makes the reading 
less than 5'98 cms., while B" makes the reading more than 
5'90 cms. 


If the eye '>s not exactly above the points A cind this 
error is always bound to occur. 

Note^Do not use the zero of the metre rod, as the ends are 
often worn out. 

Experiment 1. To measure a straight line in centime¬ 
tres and inches and to find the number of centimetres in an 
inch. 

Apparatus. ^ metre rod’ (mms. on one side and inches 
on the other). 

j 


? 


Method. Draw three lines 6, c, of lengths varying 
from 3 to 5 inches on a paper with a sharp pencil. Take a 
half metre rod and place it edgewise so that a well marked 
division, say 2 inches, comes over one'end of one of the lines. 
Read the other end of the same line up to,-^^^th of an inch 
accurately. Next, place the cm. side of the metre rod edge¬ 
wise on the line in the same manner and take readings as 
before. Take 3 observations for each line at 3 different 


. places of, the scale. Calculate separately for each line the 
yalue of an inch in cms. and then find the mean va-lue, ■ 
Record your observations in a tabular form as given below. 
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1- Place the metre rod edgewise, 

2. Do not use the zero of the metre rod as the ends 
are often worn out. 


3. Avoid the error of parallax. 

4. Take your reading up to inch accurately. 

5. Record readings in a tabular form. 

Question. If your results do not agree with the admit¬ 
ted result of 2*54 cm. in an inch, what can be the cause 
6¥^he%rror ? 

'^^piteureinent of curved lines. 

experiment. 2. To measure the length of a curved line. 

Apparatus. A pair of dividers, metre rod, thread or a 
fine copper wire. 

Method. Draw a curved line AB on your note-book and 
Measure its length in the following manner : — 

(a) Give a knot to one end of the thread or cut the 
thread neatly with scissors and place the knot or the end 
of the thread at one end A of the line by pressing it with 
forefingers of your left hand and make a short length 


No. of cms. con* 
tained in an inch. 
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coincide 'with the curved Jine and fix it with the right hand 
forefinger. Now place the left hand forefinger close to the 
right hand using your right hand against another short 
length along the curved line. 



the thread 
the end B, 
the paper 


Fig. 8. 

Proceed on like this till the end B is reached. The 
thread may be cut at this end either with a pair of scissors 
or a mark be made. Then measure the length of 
between the knot at the end A and the mark at 

Take care that the thread does not slide on 
between your fingers. 

—While placing the thread on the curved line be care- 
ful not to stretch it, otherwise the result is bound to be wrong 

fi y fiepends upon the force with 

which It lb stretched. In order to do away with this error, use a 
triin copper wire, 

...... Take the dividers and open its length by about 2 

mm. Place one leg of the dividers at 
A and turn the dividers, about this leg 
until the other leg is on the curved line 
JNow fix the latter and turn the dividers 
round until the first' leg comes on the 
curved line and beyond the other leg. 
bro on repeating this operation till you 
reach the other end B of the curved line. 

Becord the total number of steps cov¬ 
ered by the dividers. Then take the 
aame number of steps on the metre rod 

and note thadistance traversed. If some ^ 

V®measure 
It separately by placing the legs of the 
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divider over that part and later on carry it to metre rod. Be 
careful so as not to alter the distance between the legs of the 
dividers white re'peating the process. Repeat the process 3 
times and take the mean. 


Record thus 


No. 

Dist. bet- 

i 

1 

1 Dist. 

\ 

\ 

1 

I 

of 

■ween the 

1 No. of 

travelled 

Fraction 

Total 

obser* 

vations 

legs of the 

divider. 

'steps taken 

t 

1 

! on the 

j scale. 

left over. 

length 

1 ! 

1 

1 

• 




2 

1 

1 

1 

V 

L 



3 ! 

1 



9 




Precautions 


Mean 


1. Take care not to slide. the thread on the paper 
between your fingers. 

2. Do not stretch the thread too much otherwise the 
result is bound to be wrong. 

3. Do not alter the distance between the legs of the 
dividers while repeating the process. 

Experiment 3. To determine the diameter and ci^cjina- 
ferenee of (1) a disc or a coin ; (2) a cylinder, 
the value of tt. 



to deduce 
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Apparatus. A wooden disc (of 6 cm. diameter and 1 

cm. thick), a pice, a metallic cylinder,straight slips oi thin 

paper thread, metre rod etc. 

Method, (a) Wrap a paper slip tightly round the edge of 
the disc, coin or cylinder and allow the ends to overlap 
(Fig. 10). Take a pin and prick the overlapping portion. 
Unwrap the slip and lay it flat on the table, ihe tno pm 
points may be well marked with circles or crosses. Measure 
the distance between the two pin pricks by placing a metre 
rod edgewise over it. This would give us the circumference. 
Repeat the operation three times using different slips. 

For measurement of the diameter, place the metre rod 
edgewise across the circular face and keep a certain fixed 
mark, say 5 cm., exactly on the circumference. Move the 
rod so that it passes through the centre of the disc or move 
it so as to obtain the highest reading on the circumference 
on the opposite side. The difierence between the two read- 
ings gives the diameter. Kepeat similar observations from 

other places. 

(6) Make a fine mark on the edge of the disc or coin. 
$Jexi place the disc or the coin edgewise on the metre rod 
60 as to have the mark on a centimetre division. Roll the 
coin in a line with the edge ol the scale and read the posi¬ 
tion of mark after one complete revolution. Do it three 
times, starting every time from a new' mark of the scale. 
Take care that the coin does not slip hut roils on the scale in a 
line with the graduated edge, 

(c) Take a fine thread and wind it round several times 
(say ten times) a cylinder keeping the windings tight and 
close to otie another. Mark the windings of the thread 
with a pencil along an axial line (line parallel to the axis.) 
Unwind the thread and measure the distance between the 
two marks on the 0th and 10th turn. The circumference 
will be equal to this distance divided by ten turns. Repeat 
it three times using turns from 10 to 15. 
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Tabulate the results thus : 



No. of 
observa¬ 
tions. 


Circumference Diameter. 


Circumference 


IT — 


Diameter 


1 


Mean 


it A 4 

It will be seen that the ratio in the last column would 
be a constant quantity. 

Pte^cauHons : — 

1. Wrap the paper tightly. Measure the distance 
between the two pin pricks by placing a metre rod edgewise 
over it. 

2 . Holl the coin in a line with the edge of the scale 
and read the position of the mark after ' one complete 
revolution. 

3. Take care that the coin does not slip but rolls oa 
the scale in line with the graduated end. 

4. Mark the windings of the thread with a pencil 
.along an axial line (parallel to the axis). 

Sources of error:— (l) The edge of the cylider may not 
be quite flat. 

(2) The edges of the coin may not be uniform. 

Beam Compass. It consists of two finely pointed legs which 
be fixed at any point we like. These two legs can be made 



Fig. n. 

to move over a straight bar (usually of wood). Suppose we 
are to measure the length of a straight line AB. The two 
legs are adjusted by sliding so that one leg comes on the 
point A and the other comes on the point B. The legs are. 
fixed by raeatis of the attached screws. If the beam com¬ 
pass is graduated then the distance can be read .directly* 
but if not graduated the distance between the points can be 

read by placing the two legs on a metre scale as is done in 

the case of dividers. In fact a beam compass is simply » 





MEASUREMENT OF LENGTHS AND ANGLES 


33 


The Vernier 


This is a device for readily [estimating the fractions of 
the smaller parts of a measuring scale ; its use avoids the 
necessity for minute sub-division. The method was devised 
by Paul Vernier in 1630. It consists in the addition of an 
auxiliary scale that slides along the principal one and is 
graduated so that a number (n) of its divisions is equal to 
one less (n~~l) or one more * (n^l) than those of the princi¬ 
pal scale. Verniers are employed in many physical instru¬ 
ments. 


To Construct a Scale and a Vernier. 

Cut out two strips of cardbodrd AB and CD (Fig. 12). 

On AB mark divisions 0, 1, 2, etc., exactly 1 cm, apart upto 

about 16 cm. Cut off CD exactly 9 cm. long and by a scale 

or millimetre paper divide it accurately into 10 equal parts 

each 9 mm. long. Number the division maiks 0. 1. 

to 10. 

A-o the two strips side by side as shown in the figure. 

AB IS called the scale, and CD the vernier. Place the two 

zeros in a line. 

Since 10 divisions of the vernier are equal to 9 divisions 

ot the scale therefore 1 division of the vernipr = T>-, division 

o e principal scale. Therefore the difference in length 

between a scale division and a vernier division =v,,th (or *1) 

a sea e ivision. This difference is called vernier cottatant 
or least count of the vernier. 



-rig, 


O'- 

Method of examining a Verniei 

verniers is the same hut before taki 
Vernier, note the following : 


The principal of all 
a reading with the 


practice!'® Vernier reads tackwardn 'and is 


not much used 
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(1) The value in fractions of an inch or centimetre of 
the smallest part of the principal scale. 

(2) The number of parts into which the vernier is divi- 

ded. 

(3) The relationship between the divisions of the vernier 
and of the principal scale. 

To study this, bring the zero of the vernier into coinci¬ 
dence with a scale division, the relationship then can be 
easily observed. 

The least count of the vernier is the difference between a 
scale division and a vernier division. This difference is also 

known as vernier constant. 


. 1 

■■ j 


To calculate it, suppose 

n divisions of vernier=(7i — 1) scale divisions. 

n—1 


one division 


5 t 


> y 


n 


of a scale division. 


The difference between a vernier and a scale division 
(the least count) or the vernier constant 

_ 

n n 

Having found the vernier constant (least count) place 
one end of the body opposite to the zero of the principal 
Lale and read the smaUer of the two scale 
between which the other end of the body lies. Bring the 
zero of the vernier against this other end and notice which 
vernier line (wth) coincides with a scale line. The reading i 
JfvTU Adding to the scale division already noted the pro- 
duct of the vernier constant (least count) and the number o 
vernier division (m) coinciding with a scale line, i.e. 

Total length=scale reading+^ , where m is the num- 

, 1 

ber of the vernier line coinciding with a scale line and- is 
the vernier constant. ' . .. .r lone 

The Model Vernier (Fig.. 13). It h^v 

Btrips of wood, one having an mch scale ^nd the oth 
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t)a6e leaving a space (or rectangular groove) in 
w ich can move a third small strip of wood on which there 

of ®“all scale divisions 
{both in inches and centimetres). The difiference between a 



h'io;. 13. 


small scale division and a vernier division is -1 of a small 

scale division or -01 of a big scale division. In order to 
measure the length of a cylinder or wooden rod, we place it 
m the groove such that one end of the body is against the 

till i? touci„ 

abod^XV Suppose that the length of 

resL a^t '^o that the end X 

8 xed wooden strip and hence coincides 



JFig 14 

SgN*^ Then the'principal scale as shown in 

deSnl 1-7 inches of the principal scale. To 

the vernier of the scale division with the help of 

, place the zero mark of the vernier against the end 

\ 


A 
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Y of the body. Looking along the two scales it will be seen: 
that in general their divisions do not coincide, but that one 
division of tJie vernier scale (in this case division 8) is in a 
line with a division of the principal scale. This indicates 
that the lengtii of the body XY is 1*68 inches (scale divisions 
as will be clearly seen from the following considerations : — 
The end Y is in advance of the scale division 1*6 inches 
and lies between the divisions 1 *6 and 1-7 inches. We are 
to estimate the distance between the end Y (which is coinci¬ 
dent with 0 division ol the vernier) and the division 1*6. The 
division 2*4 inches of the scale is coinciding with the 8th. 
division of the vernier scale. Distance between the scale 
division 2'3 inches and vernier division 7^-'l small scale 
division. Distance between tlie scale division 2*2 inches and 
vernier division 6='2 small scale division. Distance between 
the scale division 2'1 inches and vernier division 5= *3 small 
scale division. Distance between the scale division 2*0 and 
vernier division 4 —*4 small scale division. Distance between 
the scale division 1-9 and vernier division 3 —*5 small scale 
division. Distance between the scale division 1*8 and vernier 
division 2=*6 small scale division. Distance between the 
scale division 1*7 and vernier division 1 = *7 small scale 
division. Distance between the scale division D6 and vernier 
division 0=*8 small scale division. 

^ Thus XY is *8 small scale division greater than 1-6- 

inches, i. e., the length is 1*68 inches, 
i The Zero Reading or Zero Error. Before using any vernier 
I it is necessary to see if the zero line of the vernier coincides- 
with the zero line of the scale. If not, we are to see whether 
the zero line of the vernier is towards the right or left of the 

I zero line of the scale. If the zero line of the vernier happens 

' to lie before the zero line of the scale, it means the vernier 
'' scale has been displaced a little from its proper position and 
j. the reading of the object ought to be more, (See Big. 15). 



'Vn'l 




Ms * 4 M^] ‘el *7 'ai 'el ‘ilo'ili'kf? 
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In this case zero of the vernier is towards the left of the 
zero line of the scale. Tlie figure shows that the 8th vernier 
line coincides with a scale line (inches side). The fraction 
between the small gracfuations 1 (imaginary) of the scale 
and 0 of the vernier is *08 inch. Therefore the zero reading 
or the distance between 0 of the scale and zero of the vernier 
is 02 inch. This reading is negative and is put down as 
- 02 inch. 

If the zero line of the vernier is displaced towards the 
right (Fig. 16), i. e,, after the zero line of the scale, it means * 
that the reading is a littJa more than the actual reading. The 
figure shows that the zero of the vernier is after the zero line - 
of the scale and 5th division of the vernier is in line with 
a scale division (inches side). Evidently the reading of the 
zero of the vernier is 5 x *01- -05 inch, i. c., the zero of the 
v'ernjer is away from the zero of the scale (from its rea] posi- 



Fig. 16. 

t«ion) by 05 inch because in a well made instrument they ■ 

should be in contact. Hence the error in this case is -f-’OS ' 

inch. 

To Correct the Reading for Zero Error. Change the ^ 

sign of this zero error and this would give you zero correc- ,1 
tion. Add this correction algebraically to the true reading. 
In the first case : ” H 

Zero error —— 02 inch. Zero correction = |-*02 inch. |j 
Hence true length 

—a:+*02 inches=:xH-*02 inches, 

where x is the uncorrected length in inches. !. 

In the second case 

Zero error inch 

Zero correction——’05 inch. 

Hence the true length--=x-|—.06 inches—x—*05 inches. 
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Barometer Verniers.—The type of barometer ordinarily 
employed in the laboratory has two scales, one graduated in 
n millimetres and the other in inches and fractions 
Q - of an inch. Verniers are provided on both scales, 
"p- They are illustrated in Figs. 17a and 176. In ihe 

metric-vernier we find that the number of vernier 
divisions is double the number of scale divisions. 

— 7 This is done to remove the inconvenience of having 
—" small division on th^ vernier. Here 10 divisions of 

'—F the vernier are equal to 19 small scale divisions. To 

-- calculate the vernier constant we apply the original 

— principle. 


77 


oA 


10 divisions of vernier are equal to 19 divisions 
of the scale. 


- ys 1 division of vernier is equal to 19 of the scale. 

- Dififereiice between 1 vernier division and 2 scale 
divisions = *l scale division. Therefore vernier con- 

Fig.l7(a) 

8tant= l mm. 


■ In this case we must see by how much a given vernier 

^ division falls short of a scale division. For instance, if 10 
vernier divisions had equalled 29 of the scale, the vernier 
j constant would si ill be 'I, because all that is necessary is 
[ that a vernier division should be a little less than a scale 
1 division. The only advantage is that the vernier division 
being of larger size can easily be read. 

In the British vernier (i. e., on the inches side) the 
i principal scale is divided into twentieths of an inch, 25 
divisions of the vernier scale are equivalent to 24 divisions 
; of the principal scale. The vernier constant (or least count) 

I' 1 r 1 _ 1 • n 

j; is therefore ^ of 500 



In taking readings the reading in inches and twentieths 
of an inch is obtained from the principal scale ; 002 is added 
to this reading if coincidence takes place at the first vernier 
division, 004 in. if coincidence is at th« second division, and 

80 on. 
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In the figure the reading by the principal scale 
is 30*5 in. The 24th mark on the vernier coincides 
with a scale division, therefore, reading by vernier y 
=*002x24—*048 in. Therefore total reading—30*5 
+*048 in. ^30*548 inches. ^ 

The Sliding calipers, —it consists of a steel ^ 
bar with a scale engraved on it. The rod has two 
jaws projecting at rt. angles to it. One jaw is fixed ^ 
and the other is capable of moving backwards and 
forwards. The movable jaw which can be fixed by ‘ 
means ol a screw has a scale marked on it called q 
the vernier scale. When the faces of the jaw are 
in contact, the zero line of the vernier scale should 

coincide with the zero line of the fixed scale. The 
dimensions of an object are measured by noting 
how far a zero division of the vernier scale has 
moved along the fixed scale when the jaws have 
been separated until the object is just touched by 
the faces of the jaws. Before taking a measurement Britis:i 
it is necessary to note whether the fixed scale is Fig. 17 (b) 
divided into millimetres or into parts of an inch and to wliat 
traction of a scale division the vernier is intendel to read 



/ 4:. (a) To find the length of a knittlog needle U 

(with rounded ends), (6) to measure the diameter of (1) a :l 
sphere and (2) a cylinder. 

' I 

Apparatus. A cylinder, a sphere, a knitting needle 

(with rounded ends), vernier calipers and Model Vernier. 

Method, (a) Place the knitting needle in the rect¬ 
angular grove (XY in Fig. 14) so that the end X rests 
against the fixed wooden strip. Move the email strip of 
wood upon which vernier is marked till it comes in contact 
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with the end Y. Then read the principal scale before the 
vernier begins. Next find out which division of the vernier 
coincides with any division of the principal scale. Then the 
total length of the knitting needle = reading of the principal 
scale+division of the vernier which coincides with any divi¬ 
sion of the principal scale X vernier constant. The true length 
would be given after correcting for the zero correction. 
Record observations as given after part (6). 

(6) Separate the two jaws of a sliding calipers and 
place the sphere and cylinder turn by turn touching the fixed 
jaw and slide the movable jaw till it just touches the cylin¬ 
der or the sphere. 'Do not press very hard but let it just 
touch. Fix the movable jaw at this position. Note the 
position of the zero of the vernier. Repeat your observations 
four or five times measuring the sphere or the cylinder along 
different diameters. 

Record observations both for part (a) and (6) thus : — 

Vernier Constant* = 

Zero Error.(1) (2) (3) (4). 

Mean Zero Error = 


Zero Correction 


No. of 
observe 
lion. 


Reading of 
the length 
or diameter 
before the 

vernier 

scale. 


Reading of 
the vernier 
division 
which coin¬ 
cides with 
scale division 


Observed 
length or 
diameter 


Corrected 
length or 
diameter 


Mean 
length 
or dia¬ 
meter 



Precautions.—I. Do not press the jaws (incase of vernier 
calipers), and movable wooden strip (in case of mode ver¬ 
nier) very hard but let them just touch the object. 

2. Take the zero error (if any) into account. 

Sources of error. (1) The jaw attached to the vernier 

may not be at right angles to the principal scale. 

(2) It is possible that none of the vernier division may 
bo coinciding exactly with some division of the main scale. 


Si *It6 oaJcidaliou must be recorded here. 

I'ji 

IL 
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Questions. 

(1) What is a vernier and why is it so called ? 

(2) What is vernier constant ? ^ i. x ♦ 

I (3) What is the method of calculating vernier constant . 

Exercise 1. Find fKe diameter of a rupee by\ernier 

<"alipers. 


Exercise 2 .n H^nstruct a model vernier. 

1 yThe Screw-Gauge (Fig. 19a, 196)-The screw-gauge 
i^ishes a very accurate means for measuring the aimen- 
sions of small objects. It consists of a U-shaped fixed 
AFB. The screw D works in a cylindr cal nut SS^ called tne 
fitein of the frame AFB. On the stem is engraved a line 




Fig. 19 (a) (b). 

parallel to the axis of the screw shown between S.^ and S. 
The stem is divided in millimetres. The screw is fixed on 
the right hand side to the screw head S^H. The end C of 
the screw head is bevelled and is divided into 50 or 100 parts. 
The end of the screw D Ts a truly planed surface Q, and a 
itimilar surface P is obtained on the other end of a steel 
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plug fixed inside the frame AFB. For adjustment, see that 
the zero line of the scale on C coincides with the axial line 
of the scale on SS 2 . At that time the two plane faces F and 
Q will be in contact. The distance through which the 
screw D moves in one complete revolution is called the 
pitch of the instrument. The cap or milled head H (in 
some forms of the instruments) is not rigidly hxed to the end 
of the screw, but slips on with a little friction [Fig. 19 (6).J 
If the gap is closed, then on turning the head, the screw 
will travel forward and will press lightly along the fixed 
end, but when the milled head is not rigidly fixed, it will 
slip on the screw stem. 

^ Experiment 5. To measure (a) the diameter of a wire, 
thickness of a cover glass slip using a screw gauge. 

Apparatus .—A thin copper wire, cover glass slip, screw 
gai^e. 

V^>Method. Before taking a measurement by a screw 
gSuge, find (1) the pitch of the screw gauge, i.e., the distance 
through which Q advances or recedes by one complete 
rotation of the screw head S^H. This is obtained by observ¬ 
ing whether one division or half a division of tbe scale SS^ is 
uncovered when the screw head SjH is rotated backwards 
by one complete revolution ; (2) the least count or the scale 
value of one division of the scale on C. If the pitch of the 
screw D is 1 mm. and C is divided into 100 equal parts^ 

1 division of C represents= 01 mm. This is known as the 


least count of the instrument. 

Zero Error. If the instrument is perfect, the zero line of 
the circular scale on C (when the gap is just closed) coincides 
with the axial line on SSj. If this Is not so, the zero read¬ 
ing (in divisions) with the proper sign ought be taken. The 
wire or the glass slip is placed between the faces P and Q 
and the milled head H is rotated until it is lightly gripped 
between the faces. Avoid undue pressure. Read the pitch 
scale in millimetres and the circular scale in divisions. Tako 
from 10 to 16 readings. The mean of these readings correct^ 
ed for zecQ'gives the corrected diameter. 
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N )TE.— It is always better to take all screw-gauge read¬ 
ings in mm. and convert them to centimetres v.hen proceed¬ 
ing to calculate or when writing down the final result. 

Record thus :— 

Pitch of the screw =- 

No. of divisions on the cap C= 

Least count of the instrument= 

The smallest length which a screw gauge can read is 
ealled the least count of the instrument. 

Before using a screw gauge first find the pitch of th© 
screw and the least count and then see if there is any zero 
error in the instrument. 


Zero Error 
Mean „ 

Zero correct on 


No. of 
observ 
tion. 


The reading 
on the Qtraigt 
soale (com- 
pjete revolu¬ 
tion.) 


=(i) 


The reading 
on bevelled 
surface C 
(fraction of a 
revolution). 


( 2 ) 


(3) (4) 


Diameter of 
the wire or 
thicknesB 
of the glass 
slip. 


Correct 
ed dia 
meter. 


(5) 


Mejn 

dia¬ 

meter. 


\Pftcautio7i8 


\0 






1. Do not press the head of the screw very hard but 
let the two faces P and Q just touch 

2 . Take the zero error into consideration. 

Questions. (1) Define ‘pitch’ and ‘least count’. 

(2) What is meant by back lash error and how is it 
elunmated ? 


Exercise. Find out the thickness of a tin plate using a 
screw-gauge. 

11 noted that definite numbers are 

aUottea to wires of different diameters. If the diameter 
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of a wire is 1’22 mm., its number according to Standard 
Wire Gauge (S.W.G.) is 18. 

In order to verify the correctness of the diameter of a 
wire, consult the S.W.G. table. 

Spherometer 

A spherometer resembles closely in principle a screw- 
gauge. It consists of a tripod A, the legs of which are of 



Fig. 20. 

«qual length and are aajusted relatively to each other so 
that the three points occupy the corners of an equilateral 
triangle. A fine screw which works through the centre of the 
tripod, terminates above in a milled head B. A large circular 
disc C has its edge divided into a fixed number of equal parts 
(usually 100). A vertical scale D dividend into millimetres 

is fixed to one arm of the tripod and has its divisions close 

to the edge of the disc. This is called the pitch scale. The 
edge of the disc presses close to the vertical scale. While 
taking a reading see v.'hich division on the disc is opposite to 

the vertical scale. 

Method of examining a spherometer. Place the sphero¬ 
meter on a glass plate (or a glass slab) so that the three legs 
and the screw point simultaneously touch the plane surface. 
In this position in a well-designed instrument the zero oi 
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the circular scale should be exactly opposite to the zero line 
on the vertical scale. In practice, however, this is rarely 
the case. It is, therefore, necessary to determine the zero 
error or zero reading of the instrument. To do this, rest the 
spherometer on a plane surface such as a glass slab. Turn 
the head of the screw until its end (point of central leg) 
just touches the surface of the glass slab. When this is the 
,ca,se a gentle knock against one of the legs of the instrument 
with a loosely held pencil will make it spin round a little 
way or on touching the frame lightly with the finger it can 
be felt to rock. Find the division ol the head scale at which 
the instrument just begins to rock or spin, and the division 
at w'hich it just sticks. The mean of these may be taken 
as the reading for which the end of the screw comes into 
contact with the surface. If in the above adjustment the 
0 mark of the head scale is against the 0 of the pitch scale, 

the instrument has no zero error. lathis is not the case, 

the number of divisions between the zero of the head scale 

and the edge of the arm D is the zero error. Note whether 
it should be added to or subtracted from the scale reading. 

As most ofthe students find it difficult to calculate the 

zero error and hence to apply the zero correction to the 

observed reading, it is often convenient to take no account 

01 this but proceed as follows : - 


Experiment d.-To find the thickness of a glass slin by a 
spherometer. ^ » 

Apparatus. A spherometer, a glass slab, a glass slip. 
Method. Before using a spherometer determine the 

alue of graduations on the two scales. Find out how far 

the screw advances when the head is turned through one 

us the pitch of the instru. 

tul When the head is 

turned each division of Its scale as it passes the edge D, 

indicates tha^t the screw has made one-nth of its pitch, where 

« IS the number of divisions on the edge of the large disc C. 

liiis quantity is the smallest reading or least count of the 
instrument. 

Place the cover slip on the slab of glass and place a 
spherometer so that the central leg is on the glass slip and 
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the other three legs rest on the surface of glass slab. Bead 
and note in your copy book the division on the horizontal 
disc which is opposite to the edge of the vertical scale. Let 
us suppose it to be 25, Next remoTe the glass slip and r 
begin rotating the screw downwards. Go on counting the 
revolutions till the central leg touches the surface of the 
glass slab. Suppose 2 revolutions are given and 65th division 
on the disc comes opposite to the vertical scale. If the disc 
has 100 divisions on it, the number of divisions turned 
through=2 whole turns + 65—25^ 241 divisions. If the pitch 
of the spherometer is *5 mm. the least count is *005 mm. 

Thickness of the plate=241 x *005. 

Take about five observations and record thus : 



Precautions :— 


1. See that the point of central leg of the spherometer 
just touches the surface of the glass slab. 

2. Take the zero error into account. 

Experiment 7. To determine the radius of curvature of 
the surface of a lens or Mirror. 

Apparatus. —A spherometer, a concave mirror, a convex 

lens. 

Method. Place the spherometer with the fixed feet 
resting on the concave or convex surface and adjust the 
central leg till it just touches the surface. Read the circular 
scale. Replace the instrument on the plane surface and find 
how many turns have to be made to bring the central foot - 
back to the plane of the other three feet. From this and 
the reading of the circular head in the two adjustments, find 
■out as in the last experiment, the distance through which the 
;flcrew was moved. Take the mean of several readings and 
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hence get the mean value of h. Measure the distance between 
each of tne outer legs by passing them against a piece of 
paper and get the mean. Then the radius of curvature is 

12 h 

given by the expression, 

0/t Zt * 

Precautions 1. Measure I very accurately as R depends 

upon the square of I, which means an error of double the 
magnitude. 

2. If h is in millimetre.s, convert it to centimetres and 
measure I also in centimetres. 

. is tisiuilly small as compared with-^-, and can be 
- oa 

neglected. Record thus ;— 


Number 

of 

obser¬ 

vations. 


Reading 

Reading 
on the 

Number 
of com¬ 

Number 

of 



on the 

plane 

plete 

divisions 

Height 

Mean 

lens. 

surface. 

revolu- 1 
tions. • 

on the 
disc. 

height 



Distance between either of the outer feet= 

(2) (3) (4) Mean = 

Proof of the formula R= J-— 

oh 2 • 

Let the circle PBR be the section of a sphere by a verti¬ 
cal plane passing through the centre of the 
sphere (of which the lens forms a part), ® ■'* 

and one of the outer fixed legs which is rest- y 1 ! ^ 

ing at B and the central leg of the sphere- 
meter at P. B' is another fixed leg. The 
movable central leg rests at P on the sphere, / ^ \ 

A above the plane of the three outer fixed j ft ] 

legs. From the geometry of the figure, we \ / 

have \ / 

B02=^P0v0R=.p0 (PR_PO) 

="A(2R—A), where R=PQ, 

and A=PO Fig, 21. 
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But BO-=a a^=h(2R^k)=2Rh 

or * R=-^_i_ 






2h^ 2^ 

Let ABC be the equilateral triangle formed by joining the 
three outer legs and let S be the point of the central leg when 

the four are in one plane. Since the 
central leg passes through the C. G. of 
the triangle formed by the three legs, 
the angle C is bisected by CS and the 
side AB is bisected by the line CSD at 

D. 


c 



« « 


Fig. 22. 

l^=3a^ or 


or 


a 


2 


AD= ~ and /DAS 

1 t/S 

^ —a cos 30®= ax —^ 

2 ^ 


3 


30 


Substituting the value of a in (i) above. 

3 A ^ P h ' 

" 2A+ 2 


R 


JR= 


« 

6A 2 


a and caa 


Formula {ii) is preferable as I is larger than 
therefore be more aecurately determined. 

MEASUREMENT OF ANGLES 

Unit of Angular Measurement. The general plan adopt¬ 
ed in measuring angles is to divide a circle into 360 equal 
parts and to call each part a degree. Thus a movable hand 
pivoted at the centre of a circle has traced out an angle ot 
one degree when it has gone round 3 ^ 5 th part of a complete 
revolution. When it has performed one quarter of its journey 
round, it has made an angle of ninety degrees, or a right 

angle as it is called. 

The minute hand of a watch or clock moves through 360 

degrees in an hour or ninety degrees in every Quarter of an 

hour, and this is true whatever the size of the hand, ihis 
shows that the size of an angle is quite independent of the 
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length of the lines between which it is contained. All circles 
■contain 360 degrees. All right angles contain ninety degrees. 
A degree is divided into 60 equal parts known as minutes, 
and again a minute is divided into 60 equal parts called 

Seconds. 

The magnitude of an angle can be found by means of a 

■protractor. The simplest form of this is a semi-circle divided 
into degrees. 

Use of a Protractor. Place the protractor with its straight 
-edge over one of the arms of the angle. Adjust it so that the 
angle point lies exactly at the centre of the straight edge 
Observe the position when the second arm cuts the semi^ 
circle. Always try to take readings upto the tenths of a 
degree. If the arms are too short, produce them to a con¬ 
venient length. If on the other hand, you want i o obtain an 
angle by its use, place it so that its straight edge lies alone 
the hne. Keep the centre of the protractor at the point 
where you want the angle to be situated. Mark the centre 
and a point at the graduation you require. Join the two 
parts after removing the protractor. 

Trigonometrical Ratios of an Angle. Let ABC be an 
angle. Drop a perpendicular AC from 
.the point A to the arm BC. 

ABC is a right-angled 

The different ratios of the sides of the 
are given the following names : B 

Perpendicular CA c. ' 

Hypotemuse~~~AB““^^*^® ® ® 

4 

Base "BC 

Hypotenuse AB Cosine of B or Cos B 

Perpendicular CA 

=TBU ='^angent of B or Tan b 



Hypotenuse 

Perpendicular 

Hypoten use 

Base 


=Cosecant B. 

=Seeant B. 
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Base 


Cotangent B. 


Perpendicular 

* 

These ratios are called the trigonometrical ratios of an 
angle. These ratios depend only on the magnitude of the 
angle and not upon the lengths of the arms of the angle. 
For, if the point A' had been taken, still away from B and 
the perpendicular A'C' be drawn to the arm BC of the angl^ 
B, then BAC and BA'C' are evidently similar Pig. 24. 


Hence 


CA C'A' 


BA BA' 


= Sin B 


Thus Sin B is independent of the position of the point 
B. The same remark applies to the other ratios. The first 
three ratios are met with in Practical Physics. The trig(mo- 
metrical ratios of any angle can be obtained from tables 

similar to logarithmic tables. 

Experiment 8. To measure a given angle by its trigbflo- 
metrical ratios. 

Apparatusl—PTotT&etoT, drawing board, set squares., 
metre rod. .... 

Method. Draw an acute angle B and from one of its 
arms draw a perpendicular AC to the 
other arm. Draw a second perpendi- 
Ccular A'C' alscL. pleasure the heights, 
bases a,nd: hypotenuses of the two 
right-angled triangles ABC and BA'C^ 
so formed. Again, from the point A' 
on arm BC draw a perpendicular A"C" 
on the arm BA meeting it at C'. 

Measure the base, height and hypoten¬ 
use of this triangle also. 



Fig. 24. 
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o 

^ a 
O 


Length of 
perpendi¬ 
cular. 

* 

Length of 
base, 

Length of 
Hypote¬ 
nuse. 

Sin B = 
perp- 

hypo. 

1 

1 

1 

1 

» 1 

1 

1 


• 


li s 


a 


CC 


t- 

i : tf 
CL X 



a 

tf; 


The ratios in the last three columns would be found to 

r.i« Measure the lengths by means of a scale 

placed edgewise. 

Heights o^rees. Buildings, or Walls, etc. Suppose we 

want to find the height of a wall or tree. In order ^to do 

l Keeping the eye at the edge of the 
table move the rod along the table until its top comes iust in 
me with the eye and top of the opposite wall. ^ NoTmiasur^ 
the distance of the edge of the table from the rod and Z 

wall. Find out the exact length of the rod ^ 



Fig. 25. 
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m . . , Ar.T._ Length of the rod_ 

Tan L. AO Distance of the rod from the eye 

Height of wall above the table _ 

Distance from the eye to the wall above .the table* 

The, length of the rod and the distance of the rod from tAe 
eye must he measured with greater accuracy than the other 

distance. 

Hence the height of wall above the table 

_ Distance from the eye to the ^^ 1 ^ length of the 
Distance from the eye to the rod 

rod. 

Height of wall=Height of waU above table ^-height of 

table. 



CHAPTER IV 


MEASUREMENT OF AREA 


In order to measure an area (or extent of the surface) 

it 13 not enough to measure one length only, two lengths 

must be considered, viz. length and breadth. It should be 

borne in mind that unavoidable errors in measuring a length 

are augmented considerably when two such observed lengths 

are multiplied together and that the product of the lengtlis 

may be greatly in error. Hence great accuracy should be 
observed in measuring these lengths. 

Area of regular figures may be determined by measuring 
their linear dimensions 


Area of a 


M 








square* 
rectangle 
triangle; 
circle 

parallelogram i 


{side)=^ 

dengthx breadth 
J base X height 
•TT (radius)^ 
base X height. 


Ez^eriment 9. To measure, the area of a circle bv (ii 
elrote=#r2***^’ a d to verify that the area of 1 


paper, set 


paper, compasses, thick 
squares, scissors. ^ 

rod like compasses by placing it on a metre 

^d so that the distance between its legs is exactly 5 cms. 

seetioi^of^f ^ this radius, the centre being at the inter. 

sSh boundary of the circle 

: 1 . the small squares within the 

the boun^° fractions which are more than one half within 

thL onci, K and neglect those which are less 

separately • and small squares 
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Fig. 26. 

Record thus : — 

Number of big squares= Area of the circle = 

,, small squares = Radius ,, ,, = 

Area by calculating with the formula 7rri'= 

(ii) Draw accurately on thick paper with pointed pencil, 
a square of 10 cms. side. Draw also on the same paper a 
circle of 5 cms. radius. Cut out accurately the square and 
the circle and weigh them separately. Divide the weight 
of the square by its area and get weight for 1 square cm. ot 

t sq.’ cm^^ and get the area of the circle. Compare this result 

with the result obtained by calculation. 

Wt. of circle = Area of square^ 

Wt. of square = Area of circle = 


* Precautions :— 

1. The boundary of the figure should be fine and well 


fractions which are more than one-half within 
the boundary as complete and neglect those which are less 


than^one^ ha^. squares and small squares separately. 

NoTP - Test the square drawn by measuring its two dia- 
. gonals. If they are equal, the square is correct. 




CHAPTER V 

MEASUREMENT OF VOLUME 


Volume of Bodies of Regular Shape. The volume of bodies 
o! regular shape can be determined by measuring their 
dimensions and applying the proper formula. Dimensions 
which are to be squared or cubed must be measured with 
great accuracy. Express the linear dimensions of the body 
in the same unit. The following are a few formulae for the 
regularly shaped bodies : 

Volume of a rectangular body 

=length X breadth X height 
Cube =(length)® 

»» Sphere —^ 7 r(radiu 8 )^ 

^ »» Cylinder = 7 rX (radius)'^ X length 

»> Cone =j 7 r(radius )2 X height. 

For bodies of irregular shape, determine the volume by 
the following methods : 

1. (a) By immersing it in water contained in gra luated 
jars, ( 6 ) By the use of burette as is ex¬ 
plained below. 

2. By the application of the principle 
of Archimedes, vij., when a body is im¬ 
mersed in a liquid it loses a weight equal 
to the weight of the volume of the liquid 
displaced. We shall describe in this 
ohapter the first method the second being ^ 
described in the next Chapter. 

^ Graduated jars. The figure opposite 
shows a graduated cylinder on which the 
graduations indicating different volumes 
of the liquid that it contains (when filled 
up to different points) are marked on the 
glass. Pour water into su^h a cylinder 
and note that the liquid surface is not 
flat but curves up at the sides like a 
eaucer. The curvature is called meniscus Fig. 27. 
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and is produced by the surface tension of the Jiquid. Read 
the level at the bottom of the meniscus, i. e., at the middle 
point of the liquid. In the figure A shows the correct posi¬ 
tion of the eye while B and B' show the incorrect positions 
for reading the meniscus. 

Burette. It is a finely graduated tube, graduated from 
the top, downwards to the tenth of a cubic centimetre. 
At the bottom is a tap or pinch cock (a rubber tube and 
clip) for allowing the liquid to flow out. On filling the 
burette first with fhe liquid the tap or clip should be opened 
till all the air is expelled from the exit tube. Clamp iht 
bvrefte always in the vertical position. This can be done 
either by comparing the edges of the burette with vertical 
edges of the walls or more correctly with a plumb line. 

Experiment 10. To find the volume of an iron nail. 

Apparatus, —-Burette, graduated jar, small beaker, a 
paper strip. 

Method. Wash the burette and the graduated jar with 
caustic soda solution and rinse thoroughly. This is necessary 
because the water surface is deformed in greasy vessels and 
readings cannot be taken accurately. 

Put enough water in the graduated jar, and place your 
eye at the same level as the water surface. Use a white 
paper behind the jar to read the position of the lowest point 
of the curved surface {tangent to the meniscus.) ^timate 
the tenths of the smallest division accurately. Drop in 
gently from 50 to 100 nails in the jar and read the meniscus 
again. The difference in the two readings gives the volume 
of the nails dropped. Divide this volume by the number 
of nails dropped to get the volume of one nail. 

Precautions 

1. Wash the burette and the graduated jar with caustic 
soda solution and rinse thoroughly. 

2. Place your eye at the same level as the water surface 
and read the position of the lowest point of the curved 

surface. 
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3, Try to estim ate the tenths of the 
smallest division accurately. 

4. Adjust the burette vertically and 
bring the level of water at zero or at some 
other convenient division, say 2 c.c. Take 
a small beaker, put in it gently from 50 to 
100 nails and take it underneath the burette. 
Allow the water to flow out of the burette 
quickly at first, drop by drop later on and 
stop the flow when the meniscus in the 
beaker is just above the surface of the nails. 

Now paste a strip of paper (by means of 
gum) so that the lower surface of the strip 
touches the meniscus in the beaker. 

Read the burette carefully upto the tenth 
pari, keeping the eye in the same level. 


Empty the beaker of its contents and dry 
it. Fill the burette again up to the same mark 
as before. Replace the beaker underneath 
the burette. Allow water to flow out of the 

burette as before quickly at first, drop by 

% 

drop later on and stop the flow when the 
meniscus in the beaker coincides with the 
lower edge of the gum paper. Read the 
burette carefully upto the tenth part keep¬ 
ing the eye in the same level. 




Fig. 2» 


The difference between the two readings gives us tho^ 
volume of the iron nails taken. Repeat the experiment 
and take the mean of two or three readings. 


i 


% 


i 

I 
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Record thus 


With nail8 


Without nails 


. Q 

tf ® 

CD C 

^ 3 

.13 « 
c 

fl 


*5 ® 

Q 

O 

U Cl 

__ %4 

^ 2 

So 


rH 

o c 


tC .r. 

. 9-2 
•o © 

d & 

2^ 

o3 9 
J3 

a Cm 
M O 


•al 

•ts o 
5 

© 0 
u ^ 

^ <D 
<8 JS 

c 

•M »■ ■ 

fe o 


£ 

p fci 

o 


Cm ^ 
O ^ 

al 

3 



Volume of one nail — 

Frecaufions:~L Remove the air bubbles from the nails 
and from the inside of the beaker and burette. 


2, The eye should be kept at the same level while taking 
the observations in order to avoid error of parallax. Figure 
28 shows the right and wrong positions of reading the 
burette. 

Experiment 21. To test the accuracy of the given burette. 

Apparatus.—burette^ a burette stand, beaker, thermo¬ 
meter, small funnel, plumb line. 

Method. Fill the burette and adjust it in the vertical 
position in the clamp. Bring the level of water in the burette 
to stand at zero mark and allow the excess of water to flow 
through the stopper or pinch cock. Weigh a small empty 
beaker and place it under the burette. Allow tlie water 
i,o run out quickly at first, drop by drop afterwards till 
the burette reading is 10 c. cs. Allow the last drop sticking 
at the end of the burette to flow into the beaker. Note 
the temperature of water in the burette. Weigh the beaker. 
Find out the density of water at the temperature from the 
"tables. Again place it under the burette and run in 10 e.cs. 
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more. Weigh this water also. Go on running 10 c. ce. of 
water like this each time and weighing the beaker every 
time. The first weight subtracted from the second weight 
each time gives the weight of the water run in. 

Take about 5 such observations. Divide each of thew 
weights by the density at that temperature and get the 
volume. Compare this volume with the volume obtained 

from the burette reading. 


Record thus : — 
Weight of the beaker 


o S .\ Initial 

^ ® g ! reading 

55 ^ 1 of burette. 

o ' 


Final read 
ing of 
burette. 




Volume of 

No. of 

Weight 

water calcula¬ 

c.cs. 

of 

ted by dividing Error 

run in. 

1 

water. 

the weight 
bv density. ' 


Precautions : —Observe tbe same precautions as observed 
in the last experiment. 






CHAPTER VI 


MASS, OR WEIGHT AND DENSITY 

The mass of a body can be obtained by comparing it 
with standard masses called weights. Just as in measuring 
lengths it is necessary to have a standard with which to 
compare, so in measuring masses there must also be a 
standard or unit. The standard adopted is the Kilogram. 
It is the amount of matter contained in a lump of platinum 
which is kept safely at Severs. It is heavier than the British 
pound. 

It is interesting to know how the mass of a Kilogram 
was derived. The mass of the piece of platinum was made 
equal'to that of one thousand cubic centimetres of water, 
i.e., of a litre of water at a particular temperature. A 
thousandth part of Kilogram is called a gram. It is in 
terms of grams that we usually measure mass. 

The weights in terms of which we express our masses 
are usually made of brass and are contained in holes in 



Fig. 29. 

wooden boxes. These are from I gram upwards. The 
fractions from ‘5 to *001 gms. are generally made of alumi¬ 
nium and along with a pair of forceps are contained in the 
same box. As is often the case, the students lose their 
fractional weights, hence it is better if they are required to 
purchase their own fractional weights. 

The common balance.— The ordinary balance consists of 
a stiff beam usually of girder construction. It is supported 
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at its centre on an agate or steel knife edge which rests on a 
hat agate plate , at the top of the pillar. There are two 



Fig. 30. 


other similar knife edges at the ends of the beam. These 
end knife edges point upwards and support the stirrups from 
which hang the scale pans. These stirrups are fitted with 
slightly curved agate plate. To the middle of the beam is 
attached a pointer which swings in front of an ivory scale of 
equal parts fixed at the foot of the pillar. The scale is 
marked on both sides of the zero, which is in the middle. 
The pointer would stand at zero if the beam is horizontal. 
There is fixed a screw stem at each of the beam on which 


turning these nuts 
in a direction opposite to their motion. If the pointer does 
not make equal swings on the two sides of the zero, adjust 
carefully the small nuts at the end of the beam till the 
swings are very nearly equal. The beam can be slightly 
moved up and down by means of the milled head or lever 
provided. When the balance is not working the beam does 
not rest at the knife edges but on supports which protect 
the knife edges from having undue pressure and thus losing 
their sharpness. The balance is said to be in perfect work- 


travels a nut. By 


, the pointer is displaced 


I 
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ing order il when the beam is raised by the milled head the 
pointer oscillates equally on both sides of the zero if the 
pans are unloaded and beam free. The swinging of the 
pointer gradually diminishes until it comes to rest. The 
scale division in front of which the end of the pointer comes to 
rest is called the resting point. When the pans are unloaded 
the resting point in a balance which is in perfect working 
order would be zero. If the pans are loaded then to deter¬ 
mine the resting point it is not necessary to wait till the 
pointer comes to rest but note the turning on the scale 
division on the right or left. Take the mean of three 
divisions (readings) on one side and two on the other as 
your resting point. 

Set of metric weights. —Set of metric weights are marked 
usually in grams and milligrams and a complete set will 
include the following : — 

(1) Brass weights : 100 gms,, 50 gms,, 20 gms., 20 gms., 
10 gms.» 5 gms., 2 gms., 2 gms., 1 gm. 

Aluminium weights. 

500 m. gm.^*5 gm. 50 m. gm. — 'OS gm. 

200 m. gui.--*2 gra. 20 m. gm.=-’02 gm. 

200 m. gm. = ’2 gm. 20 m. gm.=*02 gm. 

100 m. gm. = 'l gm. 10 m. gm.=*01 gm. 

5 m. gm.=*005 gm. 5 m. gm.=‘005 gm. 

2 m. gm. = -002 gm. 2 m. gm. «=*002 gm. 

1 m. gm.='001 gm. 

By means of this set, any weight which is a multiple of 
1 m. gm. and does not exceed 210 gms. may be obtained. 

The box contains a pair of forceps which must be used 
always when weights are removed from or replaced in the 
weight box. The weights are used in the following manner. 
The object to be weighed is placed on the left pan and such 
weights as are estimated as sufficient to counter-balance the 
object are placed in the right pan. Suppose that 20+10 
gms. are used and that on slightly releasing the beam, the 
pointer moves towards the object, these weights are evi¬ 
dently too great. The 5 gms. weight is substituted^ for the 
10 gms. wt., if this is now too small, the second 2 gme. wt. 
is added. The subsequent steps are as follows 
20+5+2 too small 
20+5 + 2+1 too small 
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20-^5-f-2-|-l-f-0*5 too small 

1-|-0‘5-(-0*2 too groat 

20-|-5-r2-i-l-i-0*5-|-0*l too great 
^ 20-t'5-l-2-f-l-)- 0‘5 h- 0-5 app. constant. 

The weight is thus found to be 28*55 gms. 

Special precautions in weighing 

1. By means of the plumb line see that the balance is 
in level. 

2. See that the stirrups are not displaced. See also 
that the pans are dry and clean. 

3. Lower the arrestment to see whether the pointer 
swings equally on both sides of the middle point of the 
scale. If necessary adjust the balance by means of the 
nuts at either end of the beam. 

4. Do not stop the swinging of the balance with a jerk 

but stop it gently when the pointer is nearly at its central 
^ position. 

5. Place the body to be weighed on the left-hand pan 
and the weights on the right-hand pan. 

6. Lower the arrestment before adding or removing 

any weight, ^ 

7. Manipulate the arrestment with the left hand and 

convey weights with the right hand, but always use the 
forceps. 

8. Do not weigh a body when hot : the heat causes air 
currents which affect the weighing. 

9. Close the balance case when observing the swinging 

of the pointer and keep the case closed when the balance is 
not in use. 

10. Always replace such weights in their proper com- 
partments in the box. 

Exercise.— Determine the ratio between the weights of 
a half anna copper piece and a pice. 

Weighing by the method of oecillatiotis ,—If a balance is correctly 
adjusted the number of divisions through which the pointer will move- 
would be equal on both sides of the znidddle point of the scale. In an 
^tual balance this is seldom true. It is also seen that when a balance' 
is set swinging, the pointer will continue to move across the scale for 9 
long time and we shall have to wait for a long time till it comes to rest,- 
hence in all weighing resting point is determined when the pointer is 
oscillating. 
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Experimenti^ To find the resting point of the given 
balance and toN^igh the given object by the method of 
oscillation. 

Balance, weight box, glass stopper. 

Method.—Let the figure represent the scale. 



Fig. 31. 

reckoning from the left we call the divisions, 0, 5, 10, 
15 and 20. To determine the resting point, the beam is 
released, given a slight oscillation over about 5 divisions 
of the scale on each side of the middle point. Observe 3 
consecutive turning points 2 to the left and one to the right 
or vice vertex. 

Reading to the left. Reading to the right. 

8-4 12*4 

8*8 

Mean of the reading on the left side= 8'6 

right side=12'4 

Resting point=:10*5 

Repeat this step two times more and take the mean of 
iihree results. Next, place the object to be weighed in the 
left-hand pan and balance it with weights, while doing this 
Bee that the pointer does not go off the scale. Suppose that 
with 42*575 gms. the pointer moves to the right showing that 
'the weight is too little. Find the resting point as before, 
suppose it to be 12 0. Now with empty pans the resting point 
islO'5 while with 42*575 gms. the resting point is 1*. 0, 

Hence we want to find what is the exact wheight that we 

/ 
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fh ^U 4 . u'’ divisions. Now add o milli^rruiii i to 

'■esting point again J.et 

shifts the resting point through 5 divisions, therefoie the 
weight requu-ed to produce a shift of 1 •“. H.v.o.-.,.,. .• . 

resting 

weight of the body 

the resting poini of 

the sS!"over the^ndddle of 

The Spring Balance.-Whon wo do not want to w • t, 

body accurately we make use of what is known as 

the spring balance. It consists of a spiral T steel 
wire, whose upper end is fixed to a ring^ and to the 
lower end ts attached a niece of «feei T 

» hook to ctrj. the boV'^to be 

Plete i„ fto„t of it Sret tS' iLV" a* 

.tuoheb tf the Vi«S .e-the .titteS 

common balance. ^“Paie the result got with 

density 

different masse^'^SuJpose for^instaL^ d't^'^*^ 
made of the mass of a cubic oentitr ’/ 
and marble, one after the other Th i PPv 
have the greatest mass or to be the ^ 

this order. In fact the heo, • P® wood and cork iu 

is said to be its density He^P substance, is the greater 

be its mass V its vow" substance^ If £ 


then 


D = 


M 


^ or M-=VD or V 


M 

D* 
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Density is expressed iu grams per cubic centimetre or 
pounds per cubic foot but in scientific measurement, it is 
always expressed as grams per cubic centimetre. 

Determination of density : — 


Density = 


Mass of the substance in grams 
Volume of the substance in c. cs.‘ 


To determine the mass, Ave make use of the balance. We 
weigh the body in air by a balance. The volume, however, 
may be determined as follows :— 

1, If it is a regular body its volume can be calculated by 
making use of the formula of measurements, for instance, if it 
is a sphere its volume will be ^ irr^ or if it is a cylinder its 
volume Avill be x h, and so on. 

2. If it is an irregular body its volume can be determined 
by putting it in graduated cylinder, Avhich contains a liquid 
npto a certain mark. As soon as a body goes into the liquid, 

it displaces the liquid Avhich rises in the cylinder. Noting ^ 
the difference between the tAvo graduations we get the 


volume. 

3. The volume can be determined with the help of a 
burette and a beaker as already explained. 

4. If the irregular solid bo lighter than the liquid used, it 
is necessary to use a heavier body whose volume is known 
along Avith the given solid to make it sink. The combined 
volume can be determined by any of the two methods given 
above and subtracting from this the knowii volume of the 

heavy body AA'e get the A olume of the irregular body. 

Experiment 13. To determine the density of a copper 
cylinder by weighing it and finding out its volume by 

measurement. 


Apparatus. —A copper cylinder, vernier calipers, weight 
box and baDnce. 

Method. Weigh carefully the given body in ajr. Record 
its Av'eight. Measure by means of a vernier calipers its 
diameter and length. Now applying the formula irr-Kl find 
out its volume in c.cs. Repeat the measuiement o lam 
from several places and find out the mean. 

Record your observations thus l —' 

Weight of the cylinder in air= 
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Exercise —Find the density of a \v'oo<len sphere by 
weighing it and measuring its diameter by calipers. 

Determination of Specific Gravities.— The Specific Gravi¬ 
ty or Relative Density of a substance is defined as the 
ratio of the weight of any volume of that substance to the 
weight of an equal volume of same standard substance. 
The standard substance usually chosen is water. But the 
density of water is different at different temperatures, the 
maximum density being at 4^*0 (because 1 gm. of water ' at 
4^C is one c.c.). Hence for accurate determination it is 
necessary to specify the temperature at which the measure¬ 
ments are made and a correction should be applied by 

multiplying the result by the density of water at the 

temperature. 

The following table shows the density of water between 
and 50®C, density at 4®C being taken as unity:“ 

Tern- ~ ■ “ 

pera- 0 1 2 3 4 5 6|7i8i9 

ture ' i ^ 


O^C 

10 

20 

30 

40 

50 


0-99987 993 

0-99973 963 

0*99823 802 

0*99567 537 

0*99224 
0*98807 


999 

940 

756 

473 


1 

927 

732 

440 

066 


999 

913 

707 

406 

025 


997 993 988 981 

897 880 862 843 

681 654 626 597 

371 336 299 262 

982 940 896 852 


* consulting these tables remember to prefix *99 

the figures in the columns 1, 2, 3, 4, 5, 6, 1, 8 and 9 
except to those under 6, 7, 8 and 9 against 40»C, in which 
case '98 are to be prefixed. 
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PriDciplo of Archiinedos.'—The principle of Archirnedes^ 

may be stated as follows : — ‘‘WhTen a body is immersed in a 
fluid its weight apparently is diminished by the weight of 

the fluid displaced,” or we can state thus “When a body 

is wholly or partially immersed in a fluid at rest it experien¬ 
ces an upward thrust equal to the weight of the fluid dis^ 
placed.” 

Experiment M/ To verify the principle of Archimedes. 

Apparatus.—A hollow cylinder and a solid one fitting into* 
it, both with hooks, a glass beaker containing water, a bala¬ 
nce, wooden bridge, weight box, lead shots, vernier, calli¬ 
pers, kerosene oil, thermometer. 

Method. Take two cylinders, one hollow and the other 
solid. The solid one should completely fit in the hollow one. 
Both the cylinders should have hooks. Suspend the 
solid cylinder underneath the hollow cylinder and hang, 
both of them from the beam of a balance. In hydrostatic 
balance generally used they are hung from the shorter pan 

- in^ans of a piece of thread or very 

Jmp^**** fine brass wire ; the solid cylinder is- 
■ y hung freely underneath the hollow 

cylinder. Take a wooden bridge and 
Ij I I I place it across the left hand pan of the 

H 1 1 balance. Take an empty beaker and 

n IW place it on the bridge. The beaker 

II f should be small enough to go between 

i supports. 

I rffUn Suspend the hollow cylinder from^ 

H I llinH P^^ balance and tie one end 

I I ||||L « of the thread to its hook at its lower 
M other end of the 

thread the hook of the solid cylinder. 
Let them be suspended as shown in 
the figure 33. Counterpoise by' 
33 putting weights in the other pan, 

put water in the beaker so that the- 

soild cylinder is well within water. Remove any air bubble 
sticking to the soUd cylinder. It will be seen that the beaim 
no longer horizontal, the counterpoising weight being too 
oreat Remove weights till the beam is horizontal. The- 
loss in weight suffered by the solid cylinder when immersed 
in water is given by the weights removed. Now fill 
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the hollow cylinder with water ; the equilibrium will 
again be disturbed. Add the same weight which 
you removed previously. The beam will be horizontal 
and the pointer will come to zero. This shows that 
the loss in weight is equal to the weight of an equal volume 
of water. Calculate the volume of the solid cylinder by 
measuring its length and diameter with vernier calipers. 
Record the temperature of water. Multiply the volume by 
the density of water at that temperature, the product is the 
weight of an equal volume of water. 

Using kerosene oil repeat the whole experiment as 
above. The loss in weight in kerosene oil would be equal to 
the volume of the cylinder multiplied by density of the 
kerosene oil. 

Record your observations as follows : — 

Density of water at 
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Alleniative Method. 

Take a metallic cylinder and suspend it from the pan ot 
the balance (as in the previous experiment). Find out its 
weight in air. Now weigh this cylinder in water. See that 
the cylinder is well within water and does not touch the sides 
of the beaker. Remove any air bubbles sticking to the solid 
cylinder. The cylinder when so weighed will lose some 
■weight. The loss in weight divided by the density of water 
at the temperature will give us the volume of the cylinder. 
The volume of the cylinder can be found out by measuring 
its diameter and length by means of calipers. The diameter 
should be measured from different positions at least ten 
times and the length thrice. Then applying the formula 
Trr-xZ, the volume can be calculated. / is the length and r 
the radius of the cylinder. Using kerosene oil repeat the 
M^hole experiment as above. 

Record your observations thus : — 


X. c 
•** •— 

p 

o © 
. 13 

>5 


© 

© CITJ 

^ c S'' 


o ^ 
© 

o ^ 

•y 


0 

^ E3 


^ I C' 
g 

0 OD O 

*"5 c 


S-. P 

» c 

p •- 

'V >> 
c p 

PC 


C c 


oS 

I'Sx 

c « P 

> o II 



Kero¬ 

sene 

oil. 


1 

6 

1 

2 

7 

2 

3 

8 

3 

4 

9 

Mean*^^ 

5 

10 

1 

Mean= 

1 

1 


Frecantions. — l. While weighing observe the precau- 
bions given on page 63. 

2 Anplv the temperature correction, i. e., multiply ny 

bhe density of liquid at that temperature in first experiment. 

3 Gut off all knots and superfluous thread. 







MASS OR WEIGHT AND DENSITY 


7r 


4. See that the solid cylinder is well within water and 
that it does not touch t^ sides of the beaker. 

5. Remove all lobbies sticking to the sides of the 

cylinder. / 

Experiment find the length of a given tangle 

(coil) of wire without unfolding it. 

Apparatus.—A coil of wire, fine silk thread, screw gauge, 
balance, weight box. 

Method. - Suspend the given coil of wire by means of a 
fine silk thread from the hook of the left-hand pan of the 
balance. Weigh it accurately. Place a wooden bridge 
across the left hand pan and above it a beaker about | full 
of water. Find the weight of the coil in water. Calculate 
the loss in weight. Remove the silk thread from the coil 
and by means of a screw gauge measure its diameter at 
several different places because the wire may not be uniform 
in its thickness and may not have a uniform cross-section. 

Record thus :— 


Density of water at 

rss 11 w.i.h. , 

in water. | of weight. 


air. 


Volume 
of the 
coil. 


DinmPter 


Area of 
cross* 
section. 


o 


^ 

tel 05 


> 


o 

Vi 


c 

>> 


05 2 

^ C 
I! 


1 (> 

2 7 

3 8 

4 0 

5 JO 
Mean — 


But we know the volume of the wire—its length X area of 
cross-section. 

rj , volume 

Hence leneth=-^- 

area oi cross-section • i 

Precautions.’^ I 

I 

Observe the following precautions in addition to what J 
are given in experiment 14. 
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1. Weigh the body with the shutter of the 
closed. 


balance 


2. Before using the screw gauge note down its zero 

error, if any. 

Exercise. —Find the volume of a given copper cylinder 

by applying the principle of Archimedes. 

Ex.perinievt Kj To determine the specific gravity of 
glass, using a glass stopper. 

(2) To find the specific gravity of turpentine oil. 

apparatus. —A glass stopper, fine thread, beaker, u 
bridge, balance, weight box, etc., etc. 

Method. —Suspend the glass stopper with a thread as in 
previous experiment and determine its weight in air. Let it 
be (W). Next, allow it to be immersed in water as in the 
preriona experiment and let its weight be W^. Determine the 
loss of weight. Record your observation.s as follows :— 

Specific gravity of the stopper=.y ^ X density of 
water at that temperature. 

( 2 ) Weigh the stopper in air and then weigh it in water 
as in the previous experiment. Find out the loss in weight. 
Note the temperature of water. Pour off water from the 
beaker and wipe it quite dry. Dry the stopper and the piece 
of thread. Now fill J of the beaker with turpentine oil and 

by repeating the experiment as with water, find out the loss 
of weight. 

Record thus ; — 


Weight of the glass stopper in air =W 

,, M », in water =Wi 

Loss of weight in water —Wj 

Temperature of water = 

Temperature of turpentine 

Weight of the stopper in turpentine=W, 

Lo.ss of weight in turpentine — W —W 2 

Specific gravity of turpentine oil 

Loss of weight in turpentine oil 

=-X- -B -.—x . . —7 -X Density of water 

Loss of weight in water 

at the temperature. 

Precautions. —Observe the precautions given in experi¬ 
ment 14. The stopper should be wiped dry before being put 
in the next liquid. 
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Exercise,— Determine the speoihc gravity of a crystal of 
<?ommon salt or a crystal of sugar. 

— the substance is soluble in water, find its rela¬ 
tive density in a liquid which does not dissolve the solid and 
multiply the result by the density of that liquid (which can 
be determined separately). This will give the specific gravity 
of the substance as is proved below ; — 

Loss of weight in oil=weight of t*, c. c. of oil (where 
stands for the volume of the substance) --=yxdensity of oil. 


V 


Loss of weight in oil 


■m 


Density of oil 

But density of the 

Volume of the solid 
Substituting the value of the volume from (1) above in 


...( 1 ) 

..( 1 ) 


The density of the vdensitv 

/ Loss of weight in oil ^ 

■of Oil. • / 

Experiment 17 \Ao find the speeifie gravity of a solid 
lighter than water (a piece of a wood or cork). 

Apparatus.—A piece of wood or cork, sinker beaker 
weight box, slik thread. ’ 

Method.- Weigh the solid in air by suspending it with 
a thread from the hook of the pan of a balance. ® 



Fig. 34. 
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Tie a sinker (a glass stopper) with the same thread so 
that the sinker hangs below it. Now place a wooden 

bridge across the pan of the balance and place a beaker f 
full of water on it. See that the sinker is completely immer¬ 
sed and the solid is above the surface of water. Also see 
that there are no air bubbles sticking to the sinker. Weigh 
and record the weighing. Now tie the sinker and the piece 
of cork togetliei’ and by suspending them from the hook of a 
balance weight tliem together. The difference between these 
two weighings will give us the weight of the water displaced 
by the piece of coj'k since the sinker remained immersed in 
the cases. 


rtecord thus ; 

Temperature of water — 

Weight of piece of cork in air = W 
Weight of sinker in water and cork in air=Wj 
Weight of sinker and cork both in water=Wa 
Weight of water displaced by the cork=Wi—Wj 

W 

Density of cork—Density of water at 


that 


1. The sinker should be completely ioi- 


Wi-W, 

temperature. 

Precautions. - 
mersed in v ater. 

2. There should be no air bubbles sticking to the sinker 
©r to the light solid when immersed in water. 

3. Cut out all superfluous portions of the thread. 

Exercise.—Find out the density of wax by applying the- 

principle of Archimedes. . 

Temperature Correction. —Loss of weight of the solid m 

liquid=wt. of the volume of the liquid displaced=^V c. csX 
density of liquid. 

. Loss in weight 

Volume of the body in c. ofthiTI^iIid 

, , Weight of the body 

Hence density of the body=^^j^^g 

Weight of the body ^ of the liquid. 

Loss in weight 

Note.— For finding out the densities of solids and hquids^ 
by the application of principle of Lever see Chapter XI. 
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The Specific Gravity Bottle.— This is a bottle construct¬ 
ed so as to contain a definite volume of a _ 

liquid. In the common form this bottle is like a | | 

small flask with a slightly conical neck having J| j. 

a carefully fitted stopper which has a hole 
bored in it. The bottle is filled completely and 
when the stopper is inserted the excess of the 
liquid escapes through the hole and can be 

wiped away.j il (I i B 
ExperimAt 18. To determine the specific J ||J| 

gravity of a liquid by using the specific gravi- | 

ty bottle. . V t K 

—Specific gravity bottle, kero- 
sene oil, thermometer, duster, etc., arrangement l^ig. ,^5. 
for blowing hot air. 

Method. The first thing to do is to clean and dry 
the specific gravity bottle thoroughly. Wash the bottle 
first with nitric acid and then with caustic potash so as to 
remove the grease, if anj^. Now wash with water and rinse 
it with a litttle alcohol. Then blow hot air into the bottle. 
This can be conveniently done as follows :— 


Take a metal tube and fix it in a wooden support. At 
one end of the tube attach a foot bellows and at another 
connect a jet drawn glass tube. Heat the metallic tube by 
placing Bunsen flame underneath it and blow the air in from 
the foot bellows. Hot air will be found to come out from 
the glass tube. Pass this air through the bottle for some j 
time ; it will be perfectly dry. Cool and weigh the bottle ,1 
now^ Pill the bottle with so much of the liquid that on 
inserting the stopper a little of it should come through the ' 
hole in the stopper. This excess of the liquid should be | 
dried by the blotting paper and the outside of the bottle 
should be cleaned thoroughly by a duster. Do not bold , 
the bottle for a longer period than is necessary because the 
warmth of the hand will cause the liquid to overflow. ! 
Weigh the bottle when it is so filled. The difference between : 
the two weighings gives the weight of the liquid having a / 
volume equal to that of the bottie at the room temperature. 
Empty the bottle and dry it and fill it with water. Clean 
as before and weigh it. The difference between this weight ' 
of the empty bottle gives the weight of the water filling the ■ 
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BAme Tolume as the other liquid, 
of the bottle. 


Let V c.cs. be the 


volu 


e 


Weight of V c.c. of the liquid filling the bottle 

=Volume of the liquid X Density of the liquid. 
Weight of V c.cs. of water filling the bottle 

=Volume of water xDensity of water at room tem¬ 
perature. 

W^^^of V c.cs. of the liquid _Den8ity of the liquid 

Weight of V c.cs. of water Density of water 
Hence density of liquid 


Weight of V c.cs. of the liquid 


X Density of water. 


Weight of V c.cs. of water 

Record your observations thus : 

Weight of the empty bottle=W 

Weight of the bottle full of liquid=W| 

,, M ,, water=W2 

Density of the liquid at the room temperature 

Density of water at that temperature. 

Precautions. —(1) Always interpose a dry duster or hand¬ 
kerchief between the bottle and the hand. 

2. Do not press the stopper. 

3. Wipe the bottle carefully dry. 

4. There should be no air bubbles inside the bottle. 

5. The bottle should be cleaned and dried thoroughly. 

6. Fill the bottle to the brim so that on inserting the 
stopper a little of the liquid should come through the hole in 
the stopper. 

7. Weigh each time accurately. 

Experiment 19. To determine the density of sand. 

Apparatus. water, specific gravity bottle, balance, 
weights. 

Method.—Clean and dry the bottle as given in the pre¬ 
vious experiment and weigh it. Put in the bottle enough 
sand to fill J to ^ of the bottle and re-weigh. Put in a little 
water in the bottle and shake well to remove the air bub¬ 
bles and finally fiU it up to the brim and weigh. Empty 
out the contents from the bottle and fill it completely now 

with water and weigh it. 
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Hecord your observat’ons thus : 

Weight of the empty bottle=Wj 
Weight of the bottle+ sand=W 2 
^ Weight of the bottle+sand-i-water=:W, 

Weight of the bottle filled with water^W^ 

Temperature of water=W 
Weight of sand=W 2 —Wi 

Weight of sand+the whole of bottle filled with water 

—W^-f Wg—Wj 

Hence weight of water displaced by the solid—W^+W 

- Wi—Wg. 

Specific gravity of sand=;^^-^^^^^>,Den8ity 
^ of water at room temperature. 

Precauiiond.— The same as in the pervious experiment. 
Exercise- Determine the density of a small quantity 

of mercury. ^ 

Experiment. 20. To determine the density of powdered 

salt. 

.4ppara<M«.—Specific gravity bottle, balance, weights 
common salt, kerosene oil, water. ’ 

Method.— Perform this experiment in a similar manner 
as the previous one except that we should take salt for 
sand and kerosene oil instead of water. If the density of 

tbe bottle last of 

^all filled with water. 


Record thus : 

Weight of empty bottle =Wi 

Weight of bottle-f salt=5=W2 

Weight of saltissWs—Wj 

Weight of bottle+salt+kerosene oils=sW, 
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Weight of bottle full of kerosene oil=:W 4 
Weight of bottle full of water only=W 5 
Weight of kerosene oil filling the bottle=W 4 “Wi 
Weight of water filling the bottle =W 5 —W 4 
Weight of kerosene oil displaced by salt = 

W4 + W2-W4-W3 


gi'^vity of salt with respect to kerosene oil 

_ W2-W, 

W4-^W2-W^-W3* 

Sp. gravity of kerosene oil 

Sp. gravity of X 

\y _ 

^X Density of water at the 

temperature. 


Precaw^tow^.—The same as in the previous experiment. 
Exercise. —Find the density of crystals of sugar. 



CHAPTER VII 

APPLICATION OF ARCHIMEDES’ PRINCIPLES 

TO FLOATING BODIES 

Strength of Solutions. 

Hydrometers. —The method of determining the specific 
gravity of a liquid with the help of a specific gravity bottle 
is a very good process. For commercial purposes we do not 
require a very accurate method, but on the other hand we 
require a simple method which should take very little time. 
For this purpose we use generally a special type of instru¬ 
ments called hydrometers. They all depend upon the prin¬ 
ciple of floatation. When a body floats in a liquid its weight 
is equal to the weight of the liquid displaced. Evidently 
either the hydrometer may have a constant weight, in which 
case it will sink to different depths in different liquid or its 
weight may be changed in order to sink it to the same level. 
Hence there are two types of hydrometers : — 

*(1) Hydrometers of constant weight but of variable 
immersion. 

(2) Hydrometers of variable weight, but of constant 
immersion, 

FIRST TYPE OF HYDROMETERS 

The Common Hydrometer.— It consists of a (weighted) 
bulb of a definite weight provided with a vertical stem. 
When placed in a liquid of suitable density the hydrometer 
floats with part of the stem above the surface, the condi¬ 
tion of equilibrium being that the weight of the instrument 
should be equal to the weight of the liquid displaced. The 
stem is graduated so as to indicate the specific gravity of 
the liquid. 

Beanme’s Hydrometer. — In the case of Beaume’s hydro¬ 
meter two different types are used, one for heavy liquids 
and the other for light liquids. 
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For heavy liquids 
For light liquids 


144*3 


144*3 —reading 
144*3 


144 *3-)-reading 

The Twftddel Hydrometer. — A number of these are arrang¬ 
ed in a box and only one which can float in the liquid upta 
a graduation on the stem is used. The density is given by 

5 V reading 1000 

1000 r 

It is used for heavy liquids only. 

Lactometers, Salinometers, Urinometers are used for 
milk, salt solutions and urine. They are specially graduated 
to give directly the concentration of the solution concerned.. 

Experiment. 21. To determine the density (a) of copper 
sulphate (GuSO^) solution ; (6) of kerosene oil by (i) com¬ 
mon hydrometer (n) Beaume’s hydrometer, (Hi) Twaddel 
hydrometer. 

Apparatus.-Common hydrometer, Twaddel hydrometer,. 
Beaume’s hydrometer, CUSO 4 solution, kerosene oil, tali 
j are. 

Method. —Put each of the liquids in turn in a tall cylin¬ 
der and gently float the hydrometer. Note as accurately as 
you can the height to which the liquid rises on the gradua¬ 
ted stem. Put some sand or cotton wool at the bottom of 
the jar so that if the hydrometer happens to touch the bottona 
the bulb may not break. Wipe and dry the instrument after 
each reading. Do not allow it to touch the sides and remove 
all air bubbles sticking to it. Take 3 independent readings. 

In the case of Beaume’s hydrometer, “heavy” or “light” 
is printed (marked) on the stem. The “heavy” should be used 

grams of the salt we have to make the solution upto—— 

for copper sulphate solution and that having “light” on the 
stem for oil. Twaddel hydrometer is to be used for CuSO^ 
solution only. It is never used to find the specific gravity of 
a liquid lighter than water. 

Note the temperature of the liquid. 

Record as follows :— 



hydrometers 


HI 


Temperature of the liquid= 


» 

Solution used. J 

Coznmoii 

hydrometer. 

1 

Beaume’s 

hydrometer. 

Twaddel 

hydrometer. 


(1) Readings 

(1) 

1 CD 

CUSO4 

Kerosene oil 

(2) Density = 

(2) 

(2) 

(3) Density 

corrected for 

1 

temp,= 

(3' 

(3) 


Precautions. 1. The height to which the liquid rises on 
the graduated stem should be noted very accurately. 


2. Do not allow the hydrometer to touch the bottom, 
otherwise the bulb might break. 


3. Wipe and dry the instrument after each reading. 

4. Do not allow it to touch the sides and remove all air 
bubbles sticking to it. 

5. Avoid parallax error in taking a reading. 

6. In case of liquids which stick to the surface of the 
hydrometer, reading is taken at the lower meniscus, i.e., the 
reading up to which the instrument sinks. 


CO 


MIM 


Experiment 22. 

on salt. 


To prepare a 20 per cent, solution of 


Apparatus.—A balance, watch glass, etc. 

Method.—Weigh out some convenient amount of salt 
(say X grams) in a watch glass and put it in a graduated 
cylinder. To calculate the amount of water to be added we 
proceed as follows ;_ 


If the salt in the cylinder had been 20 gms. we should 
have added water to make the solution upto 100 c.cs. mark. 

For x=5x c.cs. mark. This would be 20 per cent, solution 
of the salt. 


Shake the salt in the cylinder by a glass rod so that a 
homogeneous mixture is obtained. 
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Precautions, 1. — The watch glass must be carefully 
washed with water so as to remove all traces of salt from 
it. 

2. Shake the water in the cylinder well to make a 
homogeneous mixture. 

SECOND TYPE OF HYDROMETER 


Nicholson’s Hydrometer.— It is a hydrometer of constant 

(definite volume) immersion but variable mass. It is im¬ 
mersed up to a fixed mark in all liquids, weights being added 
to it as needed, Ib consists of a cylindrical fioat usually 
with conical ends. Above this rises a different brass stem 
carrying a small scale pan while underneath the float is fixed 
a small basket. The basket is usually loaded with lead so 
that the instrument floats vertically with part of the upper 
cone projecting out of water. A perforated cup is sometimes 
fitted so that the basket can be covered at will. 

Experiment 23{a) To determine the specific gravity of solid 
(6) liquid by Nicholson’s hydrometer. 

Apparatuseight box, tall cylinder, CUSO 4 solution, a 
piece of glass. 



Fig. 36. 

Method Float the hj'drometer in water in a tail 
cylinder and place weights on the scale-pan till the hydro- 
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meter is immersed as far as the mark filed on the iipper brass 
stem. It is advisable to place a slotted sheet ol metal or 
cardboard across the top of the jar or cylinder containing 
water, the stem supporting the scale-pan being in the slot 
which should be made wide enough for the stem to move 
C|uite freely up or down. This sheet of metal prevents 
the hydrometer from sinking into water if too heavily 
loaded, thereby avoiding wetting the scale-pan and the 
weights. It also prevents the hydrometer from coming into 
contact with the sides of the jar. 

Let the weight required to sink the hydrometer up to 
the mark be=Wo gnis. 

Next place the solid whose specific gravity is required on 
the scale-pan and add weights till it is again immersed upto 
the same mark. Let this be then the weight of body in 

air is Wo—Wj. 

The body is now placed in the basket and the hydrometer 
is sunk again to the mark by placing weight W, in the scale 

pan. Therefore the upthrust=Wj“-Wi== weight of water 
having a volume equal to that of the solid. 

c -i. Wq—Wi 

Sp. gravity=.^^— 

Precaution. It is important to remove all the air bubbles 


sticking to the hydrometer, 

(b) Float the hydrometer in water and add weights to 
scale pan till it sinks to the mark. Let this be Wq. Next 
float it in the liquid whose specific gravity is required and add 
Aveights to sink it to the same mark again. Let it be Wj. 
Weigh the hydrometer. If its weight is W then W+Wo 
the weight of the water displaced when the hydrometer is 
sunk to the mark in water and W+Wj is the weight of the 
liquid displaced when sunk to the mark in the liquid. But 
the volume displaced is the same in each case. Hence 

W+W 

specific gravity of the liquid= ^ 





CHAPTER VIII 

PRESSURE IN LIQUIDS, RELATIVE DENSITY 

' pressure exerted by a column of the liquid is. 

in epeudent of the shape of the containing vessel ; the 

pressure then depends solely on the vertical height of the 

column and its density. The pressure in dynes per so. cm. 

exerted by a column of the liquid of heights cm. and 

density D gms. per c. c. is equal to hDg^ g being accelera¬ 
tion due to gravity. 

(2) The pressure at two points in a horizontal plane 

is the same provided they are both 
situated in the same liquid. 

These are the principles which 
underlie the method for comparing 
the densities of liquids by balancing 
columns. 

Suppose we have a U-tube as 
shown in the diagram. Pour water 
in this tube so that J of each limb is 
filled. Next pour kerosene oil through, 
one of the limbs of the tube. Water 
will be depressed on that side and 
will rise in the other limb. The 
amount of the kerosene oil must be 
so much that water remains in both 

Pig. 37, the limbs. 

Let E be the surface of the two liquids. E and D > 
are at the same level hence the pressure at these points 
which are in the same horizontal is equal. Let the ) 
height above the separation at D be and above E be 
A, and let the densities be and rfg respectively. The 
pressure at the point D will be gm. j-er c.c. Similarly 

the pressure at E will be gm. per c.c. But as haa. 

been stated these must be equal. 



PRESSURE IN LIQUIDS, RELATIVE DENSITY 



Hence 

OP 


C?j A 2 


i.e.y densities are inversely proportional to heights. 
If be the density of water the ratio gives the specifir 
gravity of the liquid. 


Note.—( 1) We have not taken into consideration the 
pressure due to the atmosphere since it is common on 
both aides and hence it does not affect the heights of the 
liquid columns. 


(2) If two liquids mix a third liquid usually mercury 
is used to keep the columns separate, the mercury being 
at the same level at each side of the bend. The columns 
are measured above the level of mercury. As a slight 
difference in the mercury level will cause a great error 
(a diff. of 1 mm. of mercury will cause difference of 1*36 cm, 
of water) this method, therefore, is not ordinarih’^ used. 


The Y-tube or inverted U tube, 
Hare’s apparatus can be used for de¬ 
termining the densities of liquid which 
mix or chemically react on one an¬ 
other. It is made up of two straight 
pieces of glass tubing of equal length 
and joined together by a three way 
tube. The Y tube thus joined can be 
set up vertically in an inverted posi¬ 
tion. The open ends of the glass tubes 
are placed in beakers, one containing 
water and the other the given liquid. A 
^•pinch cock is attached to the open end 
of the three way tube by which it 
may be closed tight. By sucking in 
the air at the open end the liquids are 
drawn up the tubes to different 


also known as 



heights, the less dense being drawn to a Fig, 38. 

greater height. Since the pressure in the tube decreases 
the atmospheric pressure pushes the liquids in the arms 
and the less dense is pushed to a greater height. The 


86 


MODERN PRACTICAL PHYSICS 


pressure at A and D is the same and also the pressure 
at B and C is the same being the atmospherzc pressure. 
Hence the pressure due to the column A B must be 
equal to the pressure due to the column C D. If and 
be the densities of the two liquids, we have 

d>\ 


The W or double U-tube— It 

tubes connected together by a 
rubber tubing. The W tube so 
formed is set vertically and water 
is poured in from one end and the 
given liquid from the other. The 
level of each liquid will be different 
in the open and closed arms. The 
pressure of the air enclosed in between 
the two liquids will be greater than 
that of the atmospheric pressure because 
it is compressed. 


consists of two U 



Fig. 39. 



The tw'o liquid surfaces in the closed arms are both 
under this compressed pressure. Let us call this compressed 
pressure P'. In the open arms they are under the atmos¬ 
pheric pressure. The excess of pressure of air in the 
closed part over that of the atmospheric pressure is- 
evidently equal to P'—-P—in one limb and P'—P-Ag 
in the other limb. 


But this difference of pressure is'the same in both the 
limbs, hence 

d^ 

*' d; 

Experimevt 24. —lo determine the density of oil by 
means of a U-tube. 


Apparatus.— water, oil, metre rod, set squares. 

Method. _Clean and dry the tube and fix it vertically 

(use a plumb line). By using a small funnel fill half the 
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limb with water. Gently pour oil tlirough a limb so that 
the junction may be 4 or 5 cms. above the bend of the U 
tube. Hold a metre rod verticall}’ close to and parallel 
4- to the tube. Read the position of the junction of the 
two liquids by means of set squares. 

Next read the free surfaces of oil and water. Empty 
the tube, rinse it with petrol and dry again. Refill anil 
determine the density a second time. 

Repeat the same operation a third time. 

Record thus : — 



perature of the room=s 


No. of 
obser¬ 
vations 

Height 
of the 
junction. 

Height 
of oil 
surface 

Height 

of water 
surface 

Length 
of oil 
column 

Length 
of water 
column 

Density 
of oil 

1 

1 

[ 

1 

• 

( 

\ 

1 

1 

! 

1 

1 

. » 

i 

• 

1 

1 

1 

1 

1 


r 

1 

I 

t 

j 

1 

1 

1 

\ 

1 

1 

1 

> 

' ; 

1 

1 

i 



PrecautionsI. The small bubbles from the inside of 

the glass tube should be removed. 


2 The surface of separation of the two liquids should 
be well marked and not distorted. 


3, Readings should be 

4. Eyes should be 
surface. 


taken with a set-square, 
kept in level with the liquid 


5. Tubes and scale should be kept vertical. 

Experiment 25.—To determine the density 
sulphate (CUSO 4 ) solution by a W-tube. 

Apparatus. —W-tube, metre rod, clamps. 


of copper 
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Method, Clean the tube by rinsing it with petrol and 
dry it. Clamp it in a vertical position, Pour water in one 
limb till the two adjacent limbs are half filled. Then pour 
the copper sulphate (CUSO 4 ) solution through the other 
limb so that it also is in the two limbs on the other side a 
little above the bend. Do not pour so much of the liquids 
that they may mix. Pour more of the liquid till the two 
columns occupy suitable lengths of the tube. Read height 
of the free surfaces of the liquids by means of set-squares 
and repeat the experiment with different heights. 

Record thus :—' 

Temperature of water= 

Density of water = _ 


Water Column. 

A, 


Oil col'inin 
A 2 


So, of 
cbserva 
tion. 


*0 

fl — 

^ % 
<8 5 


^•2 
o g 

11 


^ t- fl 

a 

bc s 
tn o 


bo g 
Cl .5 

© § 


o a 

'M s 

^ "S 

O o 

P3 


o s 

^■ 5 1 

'c O 

w “ 


Density 

*1- Mean 

Density 



Density corrected for temperature = 

Precautions Same as in the previous experiment. 
Experiment 26.—To determine the density of oil with 

inverted Y- tube (Hare’s apparatus). 

Apparatus. -Inverted Y-tube, water, turpentine oil, 

° Me^hod!-^u^t ^the two ends of the tubes into the two 
1 1 that they are nearly at the end and clamp the 

S'vertTJy i" •i' “• 
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lighter of the two liquids has risen nearly to the top of the 
corresponding column close to the pinch cock. Measure 
the height of the two liquid columns above the level of 
the liquids in the corresponding beakers. This can be done 
as follows : Hold two knitting needles in clamps with the 
help of corks (or the same needle turn by turn) so that the 
lower ends touch the free surfaces of the liquids in the 
beakers. Place a metre rod vertically close to the two limbs 
and by means of a set square take the readings opposite 
to the top ends of the needles and of the liquid columns 
in the tubes. The difference will give the columns of'liquids 
in the tube above the upper ends of the needles. Measure 
the length of each needle and add it to the corresponding 
column of the liquid (obtained above), the sum in each case 
gives the length of the liquid column of that side. Take 
three observations. 

Record thus ; — 

Temperature of water = 

Temperature of liquid= 



Mean« 
Corrected density= 


CHAPTER IX 

ATMOSPHERIC PRESSURE-BOYLE’S LAW 


Suirounding the earth in every latitude, over ^land and 
sea IS a gaseous envelope which is spoken of as the air or 
atmosphere. Ihe atmosphere exerts a pressure or force 
per unit area similar to that of liquids which we have 
already dealt with. This force per unit area or pressure can 
be balanced by a column ot any liquid, but since mercury 
is the heaviest ol the liquids known, a column of mercury 
can be easily managed for demonstration. Procure a long 
tube {which may be closed at one end) of about 32 inches 
and connect a short piece of India-rubber tubing to its 
open end. Bind the tree end of the rubber tubing to a 
glass tube about 6 inches long and open at both ends. 
Keep the long tube with its closed end downwards and pour 
mercury into it (being careful to remove all air bubbles) 
until the liquid reaches the short tube. Then fix the 
arrangement upright. The mercury in the long tube will 
be seen to fall so as to leave a apace of a few inches between 
it and the closed end. 

The distance between the top of mercury column in the 
closed tube and the surface of that in the open tube will be 
found to be about thirty inches. It is clear that there is a 
column of mercury supported by some means^hich is not at 
first apparent or else the mercury would sink to the same 
level in the long and the short tubes, for we know that 
liquids find their own level. If a hole were made in the 
closed end of the long tube this would happen immedia¬ 
tely. There will be no difficulty from what has been said 
already in understanding that the column of mercury is 
kept in position by the weight of the atmosphere pressing 
upon the surface of mercury in the short open tube. The 
weight of this column of mercury and the weight of column 
of atmosphere with the same sectional area is exactly the 
same, both being measured from the level of the mercury, 
in the short stem of the apparatus and the mercury column 
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to its upper limit in the long tube, the air to its upper limit 
which is at a great distance from the surface of the earth. 
When for any reason the weight of the atmosphere bec omes 
greater, the mercury is pushed higher to preserve the 
balance. When it becomes less, then similarly the amount 
of mercury which can be supported is less and so the height 
of column of mercury is diminished. An arrangement like 
that described constitutes a barometer. 

If an area of cross-section of both the limbs be regarded 
as one sq. cm. the mercury in the column will have a volume 
7b c.cs. and we may say that the weight of 76 c.cs. of 
mercury=Atmospheric pressure per sq. cm. 

If we want to find out the weight of 76 cm. of mercury 
we shall have to multiply it by its density (13‘6) ; and if 
it is to be expressed in absolute units then we must multi¬ 
ply ky gr, or in general if the height be h cm. of mercury 
and d be its density then the atmospheric pressure in 
absolute units is hdg dynes per sq. cm. But the height of 
mercury is affected by temperature ; we must therefore 
apply the temperature correction. 

Temperature correction. —Since the density of mercury 
changes with the temperature, a column of mercury, saj" 30 
inches high, on a hot day does not represent the same 
pressure as a column of the same height on a cold day. 
Hence it is necessary to reduce all barometric readings to 
some standard temperature usually 0®C. 

Suppose the temperature to be t°C, then if y be the 
co-efficient of expansion of mercury, the reduced height 

is less than the actual height A in the ratio of 
The observed height should therefore be divided by l-\-yt. 

If the height be measured by means of a metallic 
scale, a further correction is necessary on account of the 
change of length of the scale. Suppose this to be correct 
at 0 C the eflcct of rise of tcmperaiure is evidently to 
make the divisions on the scale too long and therefore the 
number of divisions occupied by the column of mercury 
less than it should be in the ratio of 1 to l-i zt where z 
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the co-efflcient of linear expansion of the 
material of which the scale is made. The 
observed height h must be multiplied 
oy \-\~zt. Finally the reduced height 

X _ r \ 

~ is nearly the same 

of 2 for brass is 

000018078 and y is 00018018, whence 

\ = ^[1 --OOOieUiJ 

®f is correct 

Fortin’s Barometer (Fig. 40) ;-In the bare 
meter we have considered that whenever the 
pressure will decrease or increase the mercury 

will be forced into or out of the smaller tube. 

This will not let us measure the height of the 
barometer from a fixed scale, as the level from 
which we are to make our measurements will 
always be changing. In a Fortin's Barometer 
the tube dip.s in a cistern with a leather bottom. 
The bottom can be raised or lowered by a 
screw so as to bring the surface of mercury 
always to the zero of the fixed scale. This 
zero coincides with the top of the ivory peg 
just above the mercury in the cistern. When 
the» mercury surface just touches the top of 
this peg, the reading of this surface is zero 
and the reading of the top surface on the scale 
gives the barometrimheight at once. 

Experiment\^^. To read the Fortin's 
Barometer and to reduce Its readings to 0*'G. 

Apparatus. —Fortin’s Barometer. 

Method.— Before setting the Fortin’s Baro 
meter to take readings, note the temperature 
of the air on the thermometer attached 
to the barometer. Gently turn the lower 
screw so that the ivory peg is clearly visible against the 
milk-white background provided. Now turn the adjusting 


Fig. 40. 
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screw up till the peg touches the mercury surface. If the 
mercury surface is white see that the tip and the image 
of the peg just touch each other. Near the top in the 
copper tube surrounding the glass tube there is a slot in 
which slides up and down a vernier. At the back also there 

18 a slot in which a brass plate connected with the vernier 

wT‘ just at the same 

level as the zero of the vernier. To take a reading, the vernier 

of vernier, the lower edge 

h-ne see that the barometer is vertical. Then note (1) the 
nearest mcb or centimetre mark below the zero of the 
vernier ; (2) the number of complete divisions between the 
nearest inch or centimetre mark and the zero of the vernier • 
(3) the number of the vernier division which coincides with 

rei£;r independent 

Applying the temperature correction ; 

(1_-00016<). 

For vernier reading, consult this book. 

Precautions 1. The barometer must be vertical. 

mercLy.^^^ surface of 

3. While taking readings see that the lower edire of 

ormercury "" ^ 

Exercise, (l) Measure the pressure ofgas supply 
due P™»™">+P«se„ee 

r'co”v.s"”‘‘c" * “ ‘ SJr’Lid 

bering that h d —h mercury column, remem- 

i IS diig sr 

barometer, fii!?t£reVht^o?the’o"rW^^^^ mercurial 
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Exercise (3) Given the atmospheric pressure and density 
of glycerine, calculate the height of glycerine barometer. 

Boyle’s Law. — The volume of a given mass of gas kept at 
constant temperature is inversely proportional to the pres¬ 
sure; or the product of the pressure and the volume of gas 
.at constant temperature is constant. 

Boyle’s Law apparatus (Fig. 41) It consists of a glass 
tube 25 cm. long and J cm. in diameter sealed at one end 
and open at the other. The open end is drawn out and 
attached to a rubber tubing. The other end of this tubing is 
attached to a second piece of glass tubing about 1 cm. in 
diameter. The first tube is clamped to a vertical board so 
that it is also vertical while the second tube is attached to a 
slide w'hich moves up and down a vertical rod and can be 
clamped in any required position. The lower parts of the 
glass tube and the rubber tubing is filled with mercury and 
thus some dry air remains confined in the closed end and 
mercury surface of the first tube. A metre rod fixed to the 
■board enables the level of mercury 
in the two tubes to be read. Adjust 
so much of the mercury that when 
the level is equal in both the tubes it 
should stand half way up the closed 
tube. 

Expefiment 28. To verify Boyle’s 

Xaw. 

Apparaius.-^'BoyW^ Law appa¬ 
ratus, set squares, barometer, 
thermometer, pliynb line. 

Method.— Set the Boyle’s Law 
apparatus vertical by means of a 
plumb lipie and read the thermometer 
,and barometer to get the tempera¬ 
ture and atmospheric pressure. 

Adjust the position of the movable 
tube on the scale so that the level of 
mercury in the open and closed tubes 
is nearly the same. This can be 
done by putting one edge of one set- 
square in contact with the 
Jboard and the other edge perpendi- 



Fig. 41 
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oular to the plane of the board. Put the other set-square in 
contact with the first set-square and along the scale. Keep 
its horizontal edge at the same level as that of the mercurA^ 
^ surface to be read. 

Read the meniscus by means of a set-square. This can 
be conveniently done by placing a set-square such that its 
one edge is vertical and the other edge horizontal. Place 
the horizontal edge tangential to the simface of the mercury. 

Take readings by means of set-squarfes. Read on the 
vertical scale the height of mercury in the inner side of the 
closed tube and also the mercury level in the open end of 
the tube. Read the length of the spherical part (inside) and 
multiply it by I. Add this to the reading of the level of 
mercury in the closed tube where the spherical portion com¬ 
mences. This will give us the true reading of the closed 
end. Raise the open end by a few centimetres and again 
read the level of mercury in the two tubes. The volume of 
^ air will become less and less, by raising the open tube to 
different heights and take from five to six readings. Now 
bring the open tube to the same position from which you 
started and lower it step by step taking reading at every 

place as before. ^ ^ ^ ^ 

Take from two to three readings. Read the barometer 
and thermometer again. Calculate the total pressure P, 

barometer pressure plus or minus the difference of level 
in mercury surfaces in each case and also the length of the 
air column (V) in the closed tube for each pressure. Find 
the product of P and V in each case. 

Record thus : 

Temperature of air 

V (1) in the beginnings 

( 2 ) at the endv 

Reading of Barometer (P) (l)...(2).„Meanc= 

Reading of the closed end of the tube (upto the place 

where the spherical portion commences xird. of the length 

of the spherical part)^^ 
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a 

° ^ 
^ o 

ai 

U3 

O 


Level of 
Hg. in 
open 
end 


Level 
of Hg. in 
closed 
end 


Diflf. of 
level 
in oms. 
(b) i 


Total Volume 
pres- or effec- 
snre P tive 
P^trb length of 

^air colu mn 


Plot curves between P and^ and between P and V. 

The former will be a straight line passing through the 
origin. 


showirt^ ihc reution between ‘pre^^r 
^-reeip'ocal of voluine of oiV endowed m « tube| 


■■■■ 

■■■■ 


■■■■ 

■■1 

■■■■ 

■■■■ 


■■■■ 

■■■■ 

MH 



• n 9 i 


iH 


Fig. 42 


Fig. 42 shows a curve for P and ^ that has been 

from readings taken by a student in the laboratory. 
Figure 43 shows the curve between P and V. 


drawn 
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Volumfi 


Fig. 43. 

Precautions the Boyle’s Law apparatus vertical 

by means of the base screws and the plumb line. 

mercury is clean and does not stick to 
the sides of thS tubes. 

3. Take reading.^ with the help of a set-square, keeping 

Its one edge vertical and along the scale and its horizontal 

edge should be like a tangent to the upper surface of 
meniscus of mercury. 

of the spherical part 

and add this to the reading of the level of the closed tube. 

5. Parallax error is to be avoided. 

purpose, raise the open 

are^Wen^^he'nn^^^^f™?^ atmospheric pressure when you 
are given the apparatus for verifying Boyle’s law. ^ 
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[Hint. Let tlie difference in levels of mercury in the two 

tubes be equal to h. Plot a graph between Ji and-^ and find 

the point where the graph cuts the axis of h. The atmos¬ 
pheric pressure is obtained by finding the intercept on the 
axis ol h between zero ajul the point where the graph 
cuts it. 

Or 

Let the atmospheric pressure be equal to P. Raise the 
reservoir so as to compress air in the closed tube. Let h be 
the difference of two levels of mercury in the two tube& 
and V the volume of air. Again raise the reservoir and find 

the difference ol two levels of mercury in the two tuhes- 
and let Vj be the volume of air column. 

(P^/i)V={P+;),)V, 

PV-f/iV-PV\-|-^iVj 

^ —V -=v7 ‘ 

Elasticity 

0 

When a force of any kind acts on a body, the bodt’’ is 
deformed to a greater or lesser extent. The deformation 
will, in general, disappear if the forces cease to act. The 
restoration takes place as a result of that property of the 
body itself which is called Elasticity. 

The law connecting the forces acting and the deforma¬ 
tion produced is known as Hook’s Law. This may be stated 
as ‘tension is proportional to extension or stress is propor¬ 
tional to strain.’ Hook’s Law is only true up to a certain 
point if the stress acting on the body exceeds a certain value^ 
the body will not return to its original dimensions when the 
fitrees is removed. The largest deformation which does not 
have a permanent distortion is called the Elastic Limit of 
the subtance. Up to the elastic limit, Hcok’s Law holds- 
good to a close degree of approximation. 
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Definition of Stress and Strain. Stress 

may be defined as the lorce exerted per unit 

area. Strain is the force exerted per unit 
dimension. 


Experiment. 29. To verify Hook’s Law. 
Apparatus.-A. spiral spiug, weight box 

^ on it, etc. ’ 

Method.—Make a loop at one end of the 

spiral spring and hang it by a nail on the 

metre rod hxed on a stand just behind the 

a vertical position for taking the 

reading of the pointer. Suspend a pan"f,.,m 

Fig 44 as shoivn in 

tJiat the spring is t.ghtly stretched • 

17 b/“a 7 f« 

ue stretched. Also be sure that the end 
the needle does not touch the scale but sini 

zero 

b to 7o7».U7„r 7“. 

■« Vnlo.d the p.„ iS the ea„. 

poinw "'’“""■S portion ot the 

R^ord your observations thus • - 


FiR. 44. 



Reading of needle 


(stress) 


the scale 


on 


Extension 

(strain) 


Stress 

Strain 
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Exercise Plot a curve between stress and strain. 

Precautions. — 1, Do not take the readings when the 
weights are added, but take readings after about a minute. 

2. The distance from the point of support can be better 
measured if a record needle is attached to the spiral spring 
near the top and the distance between the two needles is 
the required length each time. This increase in the length 
of the spring can be easily calculated, 

3. Do not add so much weight as to extend it beyond 
the elastic limit. 


Young’s Modulus 


In the case of wires when elongation in length is only 
considered the strain is measured by the increase per unit 

s s 

length and ratio — is called “Young’s Modulus”. Let L 

cms. be the length of a wire of radius r cms. and let it be 
stretched by a force of M gms. weight which brings about an 
increase of I cms. in length of the wire, then 


stress= 


Force _Mg 
Area itr^ 




strain 



I 

L 



Young’s modulus 



Mg . I 
TTf^ * L 


Experiment 30 : 


material in the for 


M 


—To determine Young’s Modulus 
of a wire. 




Method.—Keep the wire A straight by suspending a 
banger H. By means of a screw-gauge measure the diameter 
of the wire at different points along the length of the wire 
at each point the measurement must be made along two 
mutually perpendicular diameters. Measure the length of 
the wire from the point of support to the zero of vernier. 
Note the reading on the vernier and the scale. Now add a 
kilogram weight and again note the reading. The difference 

between the two readings gives the elongation produced. 

■— . < . .1 - 1 -and take the reading* 
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If this reading is very nearly the same as the previous one 
repeat the process gradually increasing the weight by steps 
of 1 kilogram to a maximum within the elastic limit. 

If the readings on removing the weights are different 
f from those on adding the weights they may be rejected. 
This happens due to kinks in the wire. In such a case 
sufficient weights may be added until a series of concordant 
readings are obtained. Next remove the weights one bv 
one, in the same order in which they were added and take 
the readings as before. 

Enter your observations thus:— 


Length of the wire®.cms. 


Diameter of the wire at six different points 

(n) {Hi) {iv) (t-) (ui) 

Mean diameter =.cms. 




Load in 

K. grams 



) 

Elongation 
for an in* 
crease of 

3 K. gram 

Load 

increasing 

Load 

decreasing 

Mean 

reading 

4 

1 


1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

\ 

1 * 

j 

\ 

1 

t 

1 

> 

1 

1 

> 

Mean extension for 3 k. gms.«=,. 


.cms. 


Extension for 1 kilogram or 1000 gms.= 


Stress 

.dynes/cm.* 


Precautions :—1. 
tested beforehand. 


The elastic limit of the wire must be 
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2. The diameter should be measured very accurately 
as the square of the radius is involved in calculations. 

3. The weights must be gently added and not put 
carelessly. 

Sources of error:— 

1. The wire may not be made of homogeneous 
material. 

2. There luay be kinks in the wire. These may be 
removed by the method as explained in the procedure. 

Exercises: —1. Find out the weight of a brick with 
the help of Young’s modulus apparatus graphically. 

2 . Establish graphically the relation between stress 
and strain. 

Oral Questions ;— 

1. What is the advantage of using two wires and 
that too very long ? 

2. Why do you use kilograms and not grams ? 

3. Which is better : to use a thin wire or a thick wire? 

4. Define Stress, Strain, Elastic limit and break¬ 
ing stress. 


■ a 

lx fc" ., c- , 


X- 


T° 






Ca. 




CHAPTER X 


PARALLELOGRAM AND TRIANGLE OF FORCES, 

INCLINED PLANE, FRICTION 


Every force has a certain magnitude and acts in a 
certain direction. It is, therefore, possible to represent a 
force completely by a line, the length of which is propor¬ 
tional to the magnitude of the force and the direction of 
which represents the direction in which the force is exerted. 
If the length of an inch be taken to represent a unit force, 
then a force of 5 units would be represented by a line 5 
inches long and two forces of 5 and 3 units acting together 
in the same direction would be represente d by a line 8 inches 
long. If, however, a body were acted upon by a force of 5 
units in one direction and 3 units in the opposite direction, 
then the effect would-be that of a force of 2 units acting in 
the direction of the force of 5 units, for 3 of the units of this 
force would be rendered in-operative by the three units 
acting in the opposite direction. 

Parallelogram of Forces. A body can move in one 
direction at any given instant though it may be acted upon 
by any number of forces. Each force has a certain magni 
tude and acts in a certain direction and in cmis'^quence of 
their joint action the body moves with a certJ^n velocity if 
It. be free to do so. A single force which would give the 
same velocity and produce the -iamo eflfec'ljOti the’body as 
the sepaTate forces is called the resultant of the forces. 
Any system of forces acting upon a particle is equivalent td 
a resultant force. When two forces act upon a body at the 

resultant usually can be foiind by means 
thus * of forces which may be expressed 

// two forces acting at a point be represented in magnitude 

and direction by th^ adjacent sides of a parallelogram, the 

resultant of these two forces will be represented in magnitude 

and direction by ike diagonal of the parallelogram which 
passes through this point. 
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Tlie 6QuilibriRnt of two or more forces acting on a body 

is the single force Mhich actiiig with them maintains the 

body at rest. It is evident, therefore, that the cquilibriant 

is equal in magnitude but opposite in direction to the 
resultant. 


Experiwevf 

of forces. 



To verify the law of parallelogra 


II 


Apparatus. —Gravesand's apparatus, drawing boards 
clamps, i metre rod, wooden or glass block, set-squares, a 
strip of plane mirror, protractor. 

Method.—Take three strings and knot them together at 
one point. Let one of these strings hang freely and let the 



50 100 50 

Fig. 45. 


two other pass over two pulleys E and F fixed on a drawdng 
board ABCD. Three convenient weights P, Q and R (say 
40, 50 and 60 gms.) are attached to three ends of the string 
and the drawing board is clamped in the vertical position. 
The weights hung should not touch the board. Fix a paper 
to the board by means of pins. 

To, mark the ^sition of the three strings place a strip of 
plane mirrof- undbHfieath each of the strings, turn by turn 
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and mark two points of the string, when your eye, the string 
and its image in the mirror are in the same plane. 


Remove the paper from the board and join the two points 
marked underneath each string. Produce these lines so that 
all meet at 0. These three lines represent in direction the 
three forces acting at O and the tension in each string is 
measured by the corresponding weight attached to it. »Select 
a suitable length to represent a force of 10 gms. (say 2 
centimetres). Cut off the lengths OL, OM, OK from O 
proportional to the three forces, r.e,, make OL=8 cms., 
OM=10 cms. andOK=12 cm. OL, OM and OK represent 
completely the three forces 40, 50 and 60 gms. weights res¬ 
pectively .Making OL and OM as the adjacent sides complete 
the parallelogram and draw the diagonal Op. This diagonal, 
therefore, completely represents the resultant of the forces 
P and Q. It should be equal to OK and in the same line 
as OK, the equilibriant of the two forces (usually Op is not 
found to be in the line as OK, hence draw the line Op' in 


continuation with OK). Measure the length Op. The 
length Op would be found to be nearly equal to 12 cm. The 
diagonal Op thus represents the resultant of the two forces 
P and Q and if the third force K (60 gms. wt.) which is 
their equilibriant be removed, the common point would 
move along Op, The diagram should neither be too small 
nor too long. This can be done by selecting a suitable- 
scale and by adjusting the weights so that the common 
point of the strings is near the middle of the board. 

Take three such observations. 

Record thus : — 



c S 

4> O « 
tr. b 

® O 
'JTJ © 

^ CB 

S g S 

Oh 



o 

o 



G 

SO 

^ r 0 
^ B 

'wpM 

50 
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Precdutions. 1. The board should be fixed vertically, 

2. The weights should not touch the board. 

marking the direction of the strings do not 
.ah theVo^nts^°^'**°” strings until you have marked 

noted error of the spring balance should be 


5. Weights used should not be small. 

Experiment 31 (b)^ To verify the law of triangle of 

.3orCvS« 


Apparatus .—The same as in the previous experiment. 

Method. — The law of triangle of forces states : 

* If three fofces acting at a point are in equilibrium they 
can he represented in magnitule and direction by the 
sides of a triangle taken in order.'' On the same sheet of 
paper used in the previous experiment draw the three lines 
ab, be, ca, parallel to the forces P, Q, R respectively. These 
lines enclose a triangular area. Measure J;he lengths of 
the sides of the triangle thus obtained."^-These three leng¬ 
ths Mill be found to be proportional to the three forces 
respectively. Mark by means of arrow-heads the direction 
of these forces. 


Record thus : — 



Exercise t. Find the weight of given bag by using the 
Jaw of parallelogram offerees. 
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Experiment 31 (c)— Show by an experiment that when 
three forces acting at a point are in equilibrinm each force 
is proportional to the sine of the angle between the other 
two forces (Lamis' Theorem). 

Method. —Measure the angles p and y between the 
pairs of forces and obtain their sines from the tables. Calcul¬ 
ate the ratio of each force to the sine of the angle between 
the other, two. These ratios will be found to be equal. 
He nee if the three forces on a particle keep it in equili¬ 
brium each is proportional to the sine of the angle between 
the other two. 



The inclined plane.-A plane in mechanics is a rigid 
flat surface and an inclined plane is one that makes an 
angle with the horizon. Suppose an object 0 is kept in 
position upon a smooth plank of wood by a force acting up 
the plane. plank may be made smooth by placing 

a glass plate over its surface. Let the plank be hinged at 
on© end to a horizontal board and placed at an incline. 
The angle of inclination of the plank can be varied by 
keeping the movable end of the plank at different heights 
by supporting the plane on a wooden block which may be 
placed at different distances from the lower end of the 
plane. The object is acted upon downwards by a force 
equal to Mg, P the force exerted along the plane, and It 
the reaction of the plane acting in an upward direction. 
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Fig. 46. 


Resolving Mg (the weight> 
perpendicular to the plane 
and along the plane we get 
Mg cos S and Mg sin $ the 
two components perpendicular 
to and along the plane. In 
the position of equilibrium P 
is evidently being balanced by 
Mg sin 9 and R by Mg cos $. 




• « 


or 


P=Mg sin 0 

^_ 1 __ 

P ~sin $ 


Putting W for Mg 


W 1 
P ^sin 0 



/ 


But sin 0 


Height of the plane h 
“Length of the plane “ I 

Hence substituting the value of sin Q in (1) above 





When the effort or power P acts horizontally, the forces 
acting on the object 0 are represented in Fig. 47. The 
three forces are the weight Mg acting vertically downwards, 
the reaction perpendicular to the plane and P in a horizon¬ 
tal direction. Since the body can move only along the plane, 


R has no component along the 
plane (being at right angles). The 
weight has a component Mg sin 0 
acting along the plane in down¬ 
wards direction and P cos 0, the 
component of P along the plane 
in the upward direction. The body 
would be in equilibrium when these 
two components are equal. 


Mg sin^=Pco3 0 

P=Mg tan 0 



Fig. 47. 


* 
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or P =W tan $ 

W 1 


■ ' P 
W 

or 


tan 0 


base 


b 

P 


"perpendicuiar 

Experiment 32. To prove that in the case of the 
Inclined plane 

W I 
”P 

/ w . / i 


(t) 



Fig. 48. 

-Inclined plane, weight box, pan and roller 
connected by a string, spring balance, a metre rod, a plumb 
line, pulley system. 

Method.—Take a heavy metallic cylinder which can roll 
UP or down the plane. Let it be connected with a string 

which after passing over a pulley is connected to a pan m 

which weights are put. Power in this case acts 
along the plane. The pulley is fixed at the movable end of 
the plane. The weight of the empty pan and the weights m 
it give P. But when a spring balance is used instead of a pan 
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and weights, the readings of the spring balance which 
attached to the cylinder give us P. 

vSupport the plane on a wooden block so that it is in- ^ 
dined at angles of 30® to 45® approximately and hold the 
cylinder on the plane and pass the string over the pulley at 
the end. Add weights to the pan and tap the plane a little 
till the cylinder just moves up the plane. Pecord these 
weights, Now^ take away weights from the pan lapping it 
as before till the cylinder just begins to move down. Take 
the mean of these weights and add to them the weight of 
the scale pan. This gives us P, the power. Make by means 
of a plumb line two points one on the inclined plane (lower 
surface) and the other on the base (upper surface). Measure 
the height betw^een these two points by means of a metre 
stick. The length of the plane will be from this point to 
the hinged point. 

Or, measure the vertical height from the wooden plane 
at the point where the wooden block cuts the lower surface 
of the plane. After recording this height measure the 
distance from the hinged end. These measurements, there¬ 
fore, give us the height and the length of the plane. 

Record thus 

Weight of the empty pan = 
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Precautions 1. Tap the upper glass plate over which 
the cyliiKler moves a little so that the cylinder may not 
stick on account of friction, 

2. Mark hy means of a plumb line two points, one on 
the inclined plane and the other on the base. Measure the 
height between these points, and the length of the inclined 
plane from this point to the hinged point. 

3. To eliminate errors due to friction readings of P are 
taken when the roller is about to move up and down, two- 
such readings being taken for each inclination. 

4. See that the string is parallel to the edge of the 
plane. 

5. The roller should always begin to move up or down 
from the same point. This point should be marked along the 
edge of the plane. 

6. In order to get good results the difference between 
the weights when the roller moves up or down should not be 
very great. 

Exercises. (1) Plot a curve to show the relation betweem 
P and Sin S for a smooth inclined plane when the power 
acts along the plane, 

(2) Determine the weight of the roller by using a 
smooth inclined plane. 

(3) Determine the mechanical advantage of (1) a lever, 
(2) the pulley system. 

(4) With the help of inclined plane, verify Newton's 
second law of motion. 

[Hint, IfF=Ma, the weight of a body of mass M is- 
equal to Mg and the component of the force acting in the 
downward direction is Mg sin $ and its acceleration is equal 
to g Sin 0- Suppose the body covers a length I in t seconds. 

Now g sin e g ^ t 2 . 

212 

=constant. If we prove that for different- 
heights is constant, then F=sMa.] 
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Friction 

When a rectangular wooden block is resting on a 
horizontal table a small force may be applied horizontally 
to the block without causing it to move. The reason for 
the block remaining at rest is that the force applied to it 
is neutralised by an equal and opposite force which tends 
to keep the block at rest and is located between the two 
surfaces in contact. This latter force may be expressed 
more accurately as a stress and it is called into play by 
friction between the two surfaces. If the applied force be 
now gradually increased till the block is just on the point 
of sliding, then the force of friction at this point is called 
the limiting friction. If a spring balance be attached to 
the wooden block and the balance be pulled slowly in the 
horizontal direction, the value of the applied force when 
the block is on the point of moving gives the limiting fric¬ 
tion. 

(1) The magnitude of the limiting friction is directly 
proportional to the normal reaction between the two surfaces. 

(2) The magnitude of the limiting friction between two 
bodies is independent of the area and the shape of the 
surfaces m contact so long as the normal reaction remains 
the same. 

Co-efficient of friction is the ratio of the limiting friction 
to the normal reaction between two surfaces. It is a 
.constant quantity for any given pair of surfaces. 

Experiment 33 _ To determine the co-efficient of friction 

between glass and wood. 

ApparcitusA.n inclined plane having a glass top, a 
wooden tray, weight box, spring balance, string, scale-pan, 
metre rod. 

Method I. Set the w^ooden plank having a glass plate 
on it horizontal and place on it the wooden tray. Attach 
one end of the string to the wooden tray and the other 
(after allowing it to pass over a horizontal pulley) to a 
scale pan. Adjust the pulley in such a manner that the 
string from the hook of the tray which passes over the 
pulley is quite horizontal. Put weights in the scale pan 
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till the tray just begins to slide. Next, place a known 
weight in the tray and add weights in the pan till the tray 
again begins to move. Go on adding weights in the tray 
as Avell as in the pan and repeat the operations. The 
weight of the tray plus the weight placed in it is equal to 
the normal reaction. The limiting friction is equal to the 
weight of the scale pan and the weights added to it to 



Fig. 49. 

produce sliding It will be seen from the results ol the 

experiment that the ratio of the limiting friction to t he 
normal reaction is always constant. 

Record thus :— 

The weight of the empty tray = 

*> i, scale. pan,s=s 
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Additional ‘ a'.ldpd ro Xormal 1 Limiting 

vei-iitsin t lie pan jii^f reaction | friction 

the tray io produce , K j 

I sliding ! 


Pfecauiions —\. Get the Mooden plank having a glass 
plate on it horizontal and then place the wooden tray over it, 

2. Tap the glass plate a little to start the tray moving;" 
this is done to avoid the sticking of the tray to thje sides of 
the glass plate. 

3. Adjust the pulley in such a manner that the string 
from the hook of the tray \vhich passes over the pulley is- 
quite horizoiial. 

Method II.—(Inclined plane method.) Place the tray on 
the plane glass surface and gradually increase the inclina¬ 
tion of the plane till the tray just begins to slide down. 
(Fig. 50) The angle of inclination can he changed to different 
values by changing the position of the wooden block 
supporting the inclined plane. 

It will be seen that there are three forces in equilibrium; 

the limiting friction (F), the reaction R, and the weight of 




Fig. 50. 
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the block mg. (Fig. 51). Resolve mg alon^ and perpen¬ 
dicular to the plane ; then 

F=mg sin a .(i) 

R—mg cos a .(u) 

Bividing (i) by (u) 

tan a 

F 

^ (already proved.) 

=tan a (« being the 

inclination.) 

But tan a= plane 

base of plane 

Measure the height and the hneo *-u i i 
line (as already mentioned) Thp ^ by a plumb 

friction between gl.JSd w“d. 

Now add weights in the trav ^ n 

angle of the plane till the.tray iust i 

It will be seen that the inclinitiin is th^Lme. 

Record thus :_ 

Weight of the tray:= 



No of 
observa- 
tion« 


Weights 
added in 
the tray 



Height 

h 


Base 

h 

t 

1 

b 

b 

Mean 

1 

1 

4 

1 

1 

1 


Plunk'S;"" the plane by ' 

2. The plane may be tapped a little if neoeasary. 





CHAPTER XI 

CENTRE OF GRAVITY 

THE LEVER-PARALLEL FORCES 

Centre of Gravity. The centre of gravity orC. G. ofa 
body iS the point where the whole weight of the body is 
supposed to act. A body balances if it is itself supported at 
its C. G. (hence also called the balancing poi/it). If a body 
is freely suspended from a support it will come to rest with 
its centrp of gravity vertically below the point of support. 
Similarly, if the body be suspended from another point, 
the vertical line through this point will also pass through 
the C, G. Hence the point where this line crosses the first 
is the C. G. ^ 

Experiment 34. To find C. G. of a flat plate or a piece of 
card-board. 

Apparatus. Plumb line, set squares, pins, metre rod, 
flat plate or card-board. 

Method. Suspend the fiat plate by making a hole near its 

edge so as to allow a pin to pass 
through it horizontally. See 
that the plate can swing freely 
on the pin. Hang a plumb line 
on the pin and quite close to the 
plate without actually touching 
it. Make two marks on the plate 
immediately behind the plumb 
line taking care not to displace ^ 
either the plate or plumb line. 

Fig. 52. Remove the plate and draw a 

fine line joining the marks. Hang the plate from another 
point and repeat the previous process. We thus obtain 
another line which crosses the first. The point of intersec¬ 
tion of the two lines is the C. G. Suspend the plate at a 
third point and again draw a third line as before. The third 
line will also intersect the other two at the same point. It 
will bp found that the plate can be balanced at this point. 
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Precautions.—I. The plate should swing freely on the pin 
fixed horizontally. 

2. The plumb line should be quite close to the plate and 
should not touch it. 



The Lever. A lever is a rigid bar which can 
freely about a fixed point. The fulcrum of the 
fixed point about which the lever can be turned, 
exerted when using a lever is often descril>e<.l us 


and the body lifted or the resistance over. -U) 
The perpendicular distallce^^ from the 
action of the forces acting upon a lever 


\ ■) 
i • i ) 

. V * I ' ^ 


arms of the lever. It will be seen that 


be turned 
lever is thr- 
The force 
the power, 
j lie weight. 
lUe lines of 
V. n as the 


w't. on one side 
of the fulcrum 



Perpendicular distance = wt. on the 
from the fulcrum otuer side 



Perpendicular disance 
from the fulcrum. 


Each of these products is termed the moment of the force 
,«rabout the fulcrum. Hence the tendency of a force to turn a 
body round a fixed axis, is called the moment of that force 
round the fixed axis, and is measured by the product of the 
force and the perpendicular distance between the axis of 
rotation and the line of action of the force. 

When two or more forces act on a body, their turning 
effect is measured by the sum of their separate moments. If 
the moments tend to turn a body anti-clockwise, they are 
called positive ; and those which tend to turn the body 
clockwise are called negative. 


Experiment 35. To prove that when a lever is in equili¬ 
brium under the action of two or more forces the sum of 
the moments tending to turn it clockwise round the fulcrum 
is equal to the sum of the moments of forces tending to turn 
it anti-clockwise. 

Apparatus. Metre rod, weight box, wedge, thread. 

Method. Balance the metre rod on the w^edge placed on 
a wooden block and take the readings of the balancing point 
BO that it can be replaced if accidentally moved. This point 
is the C. G. of the rod. Hang a weight of 50 grams at a 
certain distance from the fulcrum on the left-hand side. 
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Suspend another weight, say 20 grams at some cotnmnient 
aistance on the right hand side so that the rod is balanced, 

i.e., becomes horizontal. The weights should be suspended 
by making a loop of the thread as it is easy to balance the 
rod and to read the position of weight on it. 

Next keeping the 50 grams weight on some other point 

on the left-hand side suspend two weights od the right-hand 

side, i.e., 20 grams and 10 grams, at different distances so 

that the rod is horizontal. Repeat the experiment using 

two different weights on the right-hand side and one on 
the left. 


Record thus : 

Balancing point of the metre rod= 



Precautions : -1. The C. G. of the metre rod should be 
determined accurately by placingit over a wedge. 

2. The weight should be suspended by making loops of 
thread as it is easy to balance the rod and to read the posi¬ 
tion of the weight on it. 

3. The metre rod should be made horizontal in the 
equilibrium position. 

4. Weights used should not be so large as to bend the 
lever. 

5. The top part of the loop should be perpendicular to 

the rod. ^ r i. ♦ i 

Exercise. Find out the weight of a piece of brick-+3y 

the principle of moments. 
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Experiment 3&\/ To determine the weight cf a metre rod. 

Apparatus. The same as in the previous experiment 

and a spring balance. 

Method. Find out the C. G. of the rad by balancing it 
on a wedge. Place the metre rod on wedge making some 

other point but the C. G. as the fulcrum. 

Suspend a weight by a loop of thread on the shortei arm 
at such a distance that the rou may be balanced. Note down 
the position of the weight and that of the fulcrum. Now 
i;ake moments round the fulcrum. Read the distance bet¬ 
ween C. G and the fulcrum very accurately, as the weight 
of the rod is obtained by dividing the moment on the other 
side by this distance. Repeat the experiment by making 
different points as the fulcrum and suspending different 
weights at different points from the fulcrum. Now placing 
the rod at some other point (fulcrum) but not at its C. 
we have 

Weight of the metre rod acting at its C. G.x distance of 
0. G. from the fulcrum =the weight suspendedx distance of 
that weight from the fulcrum. 

Weight of the metre rod 

_Weight suspended X its distance fro m the fulcrum 

Distance of C. G. from the fulcrum 


Record the result in a tabular form. 
Record thus : 

Position of C. G. of the rod={l) (2) 
Mean 
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Mean weight =gm8. (calculated ) 

Wt. with spring balance=gm8. (observed.) 

Error = 

Precautions : —Observe the same precautions as given ^ 
in the last experiment. 

Exercise 1. Verify the principle of moments by a 
metre rod taking the fulcrum at 30 cms. mark. 

Exercise 2. Suspend a heavier weight from the shorter 
arm and lighter weight from the longer arm and adjust the 
position of the weights till the scale balances. Plot a graph 
between the moments of the two w'eights about the point of 
suspension and deduce from the graph the weight of the 
metre rod assuming that its C. G. is at its centre. 

Exercise 3. By using a lever determine the relation 
between a gram and a ounce. 

Experiment 37,—To determine the density of a solid 
piece and a liquid using a counterpoise by the application of ^ 
the principle of lever 

Apparatus. A uniform wooden rod with ho^e bored at 

C. G., a knitting needle, a glass stopper, thread, kerosene 

oil in a beaker. 

Method. Suspend the uniform wooden rod bj- passing 
the knitting needle through a hole bored at its C. G. so that 
the rod turns freel}’ in a vertical plane. Suspend the glass 
stopper by means of a thread at a distance from the fulcrum; 
suspend a weight on the other side by means of a loop of 
thread and move this weight till the rod is horizontal. 
Determine from these readings the weight of the glass 
stopper. Next suspend the glass stopper in a beaker of oil. 
Determine the weight of stopper in oil. After cleaning the 
stopiJer, suspend it in a beaker of water and determine the 
weight of stopper in water. See that the rod remains horizon. 4 
to I '^during these weighings. Calculate the loss in weight ■ 
undergone by the stopper in the two liquids. 

Record thus :— 

Position of fulcrum= 

Temp, of oil = 

Temp, of water = 
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Density 


r ^ Wt. in air , 

of stopper==--—-- X density 

Loss ot wt. Ill water 


of water at room temperature. 


Density of oil 


Loss of wt. in oil 
Loss of wt. in w-ater 


X density 


of water at room temperature. 

Precautions. Observe the same precautions as in 
density experiments and in lever experiments. 


« Parallel Forces 

We have already learnt that if the forces are in the 
same plane, we can use the law of parallelogram, or triangle 
or polygon of forces to find out the resultant. But let us 
see what wdll be the case when Ihe two forces do not 
meet, in other w ords when they are parallel to each other. 
The above— mentioned constructions will fail. When all tho 
parallel forces are in the same direction they are said to be 
like parallel forces, but on the other hand when some of the 
forces are in one direction while the others are in the 
opposite direction, they are said to be unlike parallel forces. 

Experiment 38, (a) To find the magnitude and the point 
of application of the resultant of two like parallel forces. 

(6) To verify the condition of equilibrium of three 
parallel forces. 

Apparatus ,—Two spring balances, stands, thready 
weight box, a metre rod, a | metre rod, a wedge. 
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Method.—Balance the metre rod at the wedge and find 
out its C, G. Next weigh it by a spring balance and get the 
mean of at least two readings. If there be any zero error 
present, apply the necessary correction. 

Suspend the metre rod edgewise in two loops of thread 
fixed to two spring balances. Arrange the two balances 
vertically at different distances from the G.G. See tha^ 
the metre rod is horizontal and the balances are in the same 
vertical line with their loops. This can be tested by taking 
the height of each end of the metre rod by the help o 

another metre rod. 

Suspend by means of another loop a weight of 100 gms. 
from the C. G. Read the two balances and the position oi 
the loops of their respective hooks on the metre r 
Change the middle weight at the C. G. and also the po&i ion 
of the spring balances from the C. G. of the metie r . 
After seeing the rod to be horizontal, read again 
position of the balances. Repeat the experiment tour 

•five times. 



R 

Fig. 53. 


Record thus ; — 

Reading of the C. G. of the metre rod= 

Weight of the metre rod aT>plying zero correction 

( 1 ) (2) Mean 
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It will be seen that the total downward force is equal to 

the sum of the two upward forces. iThe downward force is the 
equilibriant force and the resultant is equal and opposite 
to this. The resultant acts at C, which divides the distance 
between the two forces P and Q internally in the inverse 
ratio of the forces, 

i. e., PxAC=QxBC. 


(b) For verifying the condition of equilibrium of three 

P 0 R 

parallel forces show that ^ and that P-f Q is 

-i>C AC AB 


equal to R where R is equal to the weight of the rod and 
the weight suspended from it at the C. G. 
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Enter your observations as follows :— 



Precautions .—The metre rod should be suspended 
edgewise in loops of thread. 


2. The metre rod should be horizontal and spring 
balances with their loops vertical. 

3. The zero error of the spring balance must be taken 
into account. 

4. Readings of the spring balance should be taken only 
when they are well adjusted. 

Resultant of unlike parallel forces. —Since the three 
forces P, Q and R are in equilibrium, any one of them can 
be considered as equal and opposite to the resultant of the 
other two, i. c., in the last experiment we can consider P 
and R as the two unlike forces, the force equal and opposite 
to Q becomes the resultant. It is nearer to the greater 
force. Q the equilibriant acts in the upward direction. 

Experiment 39. To find out the magnitude and position 
of the resultant of two unlike parallel forces. 

Apparatus,—The same as in the previous experiment. 

Method.— Arrange the experiment in a similar manner 
using different weights at the C. G. and keeping the spring, 
balances at different position from the C. G. Keep the metre 
rod always horizontal. 

Record thus : — 

Position of C. G. of the rod= 

Weight of the rod=(l) (2) 

Mean* 
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Reading 
of Eqiiili- 
briant. 

Q 


The resultant is parallel to each of the forces and is in 
the direction of the greater force and is equal to the differ¬ 
ence of the two forces. 

Exercise.— Verify the principle of moments for parallel 

forces. 


Experiment 4^.—When a number of parallel forces are in 
equilibrium to compare (a) the total force In one direction 
with the total force in the opposite direction, (h) the clockwise 
moments with the counter-clockwise moments. 


Apparatus—Metre Todj three spring balances, stands, 
thread, weight-box, etc. 

Method.— For finding out the weight andC. G. ofthe 
metre rod proceed as in the previous experiment. 


Suspend the metre rod edge—wise in three loops of 
thread fixed to the three spring balances, vertically at three 
different positions from the Centre of Gravity (G) two near ' 
« the ends and one in the middle near G. 

See that the metre rod is horizontal and the balances 
are in the same vertical line with their loops. This can be 
tested by taking the height of each end of the metre rod 
T>y means of another metre rod. 

Suspend by means of two other loops two convenient 

weights (say Wj gms. and Wg from different points. 
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Fig. r>4. 


Read the three spring balances and the pos^'tion of 
their respective loops on the metre rod. Read also the 
position of the loops by which the weights are suspended. 

Change the position of the weights and of the spring 
balances. After making the rod horizontal read again the 
position of the balances and weights suspended. 

Record thus :— 


Reading of C. G. of the metre rod=« 

A\ eight of the metre rod applying zero correction— 
(1) (2) mean= 


(a) 


Weights suspended 


Magnitude 

of 

weights 


I 


Distance of 
weight from 

C. G. 


Total 

downward 

force 


Spring balances 


Reading of 
spring 
balances 


Distance of 
spring 
balance 
from C. G. 


Total 

upward 

force 



Wi 

Ws 

Wt. pf rod 
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{b) 


Taking moments about C. G,, i.e., the point E. 


' Clockwise moments 

Counter-clockwise moments 

Moment of A= 

! 

Moment of C = 

1 

! 

1 

1 

Moment of B~ 

1 

i Moment of D = 

i 

Moment of F= 

Total counter-clockwise 


moments= 

Total clockwise moments=: 



Bepeat the observations twice as above. 



CHAPTER XII 

ACCELERATION DUE TO GRAVITY 


r 


Simple Pendulum.— A simple pendulum consists of a 
heavy metal bob usually a metal ball 2 to 3 cms. in 
diameter attached to a piece of inextensible string of negli¬ 
gible weight. The free end of the thread is held between 
the halves of a split cork which can be supported in a retort 
st{-nd and clamped on the table so as to be at a height of 
4 or 5 feet from the floor. If such a pendulum be displaced 
• to one side and then let go it oscillates backwards and 
forwards about its vertical position under the action of 
gravity. This to and fro motion of the pendulum from one 
extreme end to the other and back again to the Srst is ^ 
called a vibration. The maximum distance travelled by 
the pendulum from its mean to the extreme position is called 
the amplitude of vibration. Each vibration takes exactly 
the same time if the amplitude is not large. The length 
^f the pendulum is the distance from the point of support 
(lower edge of the two halves of the cork placed evenly) 
to the centre of the bob. The time taken by the pendulum 
to complete one vibration is called the time period or simply 
the period of vibration. As the time passes the amplitude 
of the pendulum goes on decreasing but the period remains 
the same. This fact is expressed by saying that the move¬ 
ments are isochronous. 

The period of a pendulum vibrating with a small ampli¬ 
tude depends on its length and the value of acceleration 
due to gravity g at the place. The mass of the bob does > 
not affect the period. 

The amplittide so long as it is small does not affect the 
time period. 


The relation between the time period f, length I and 
acceleration <7 is J L If, however, the amplitude 

isTaraer the time period is more than this. 
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Experiment 41. (1) To find out the value of g. (2) 

to plot a curve between Z and t- and to find the length of 
a second’s pendulum. 

Apparatus .—Simple pendulum, two halves of a cork, 
stop watch or clock, metre rod, gum paper, a piece of chalk, 
calipers, etc. 

Method.—Find the diameter of bob with vernier 
calipers. Tie a thread about 120 cms. to the bob and 
place the free end of the thread between two halves of a 
cork which can be held together between the clamp of a 
retort stand. With a piece of chalk draw two lines on the 
iioor, one parallel and the otlier at right angles to the 
edges of the table and adjust the 
position of the stand so that the 
bob is just over the point of 
intersection of these two lines. 

Hold the bob of the pendulum 
between your thumb and the 
forefinger, and pull the bob 
about fi cm. to (making an angle 
of about 3^ with the vertical) 
one side and let it go without a 
push. If the bob moves along 
the line drawn parallel to the 
table it is properly swinging and 
if not moving like this stop it 
and try again. Take a position 
in front of the pendulum thread 
and place your finger on the 
lever of the stop clock or watch. 

The position of the second’s 
hand in the case of a clock should 
be noted or better fix the position 

of the index hand parallel to it 

starting point. 

Watch the movements of the bob 
for some time to see that you 
can follow the movements well 



Fig, 5o- 


clock with the a„get. When th,^ b,b"ro°.,e^ 
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liild the length of second’s pendulum from the graph. 
A second’s pendulum is that whose time per.ud is lo 

i w'o seconds. 

Prccauiiom.— l. A very common error ificuie dy the 
students is to count one at the start instead d zero, \.p., 

when the bob passes through the mean position co the right 
or left begin counting always with zero and not one. 

2. The amplitude must always be small (not exceeding 
four degrees in any casej. 

3 . Cork pieces should always be in Icvcd a! the bottom. 

4 . The bob should move in a plane. 

5 . Use vernier calipers to measure llic radius of the 

bob. 

h. For calculating the value of j/, take observations 
■with greater lengths as the time daw be measured more 
accurately when they are large. 

7, The number of vibrations should be 20iflengtjt 
exceeds a metre and increased to 50 so as the length dimi¬ 
nishes. 

8 . Time should be noted at least twice with one length. 
0. The length should be changed by more than lo ciui. 

Experiment 42.—Find the length of an inaccessible 
pendulum. 

Apparatus. -A stop watch or clock, gum paper, dra\\ing 
board, chalk, calipers, ttc. 

Method. Take the time for 20 vibrations with the 

unknown length (/) and liiid the time period (i). 
Decrease the length by some detiuite amount (call it a*). If 
the pendulum has been raised from the floor, fix a board 
underneath the bob at a distance of i cm. from the bob 
and draw the cross over it. Take again the time period for 
20 vibrations and get the time period as before. For the 

let observations 4 ^ 2 _ .(1) 


F.)r the second observations 

Dividing (1) by (2) ^=i~ 


I 


X 


g 


( 2 ) 


• • 


1 - 
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We can get the value of 1. 

Kepeat the observations five times by decreasing the 
length each time by nearly the same amount and calculate 
the value of Z as given above. 

Get the mean value of I from these five observations. 


Record thus — 

Radius of the bob = (l) (2) (3) (4) Mean = 

Precautions, The same as in previous experiment. 


1 

1 

1 

; Time for 20 
vibrations 

4 

n Inaccessible 

length 

t^x 

No. of 
obs. 

Length 

1 

I 

1 

1 1 

j j 

1 

/ 

1 

1 

> 1 

1 

1 

Mean 

Time 

period 

1. 

1 

1 

1 




2 

1 

1 

1 



' 

3. 

i 

1 

4. 

1 

1 

1 

1 

1 

. 


Exercise 1. Shciw that the period of a simple pendu- 
lum is affected by the amplitude but is independent of the 

mass of the bob. 

Exercise 2. Find the time period of a pendulum 10^ 
cm. long. [Hint—Use the mean value of Let it be 

• -K o, .. 4 


equal to K. 


Or 

for ?=10(» cm.] 


J 


HEAT 

CHAPTER XIII 

MEASUREMENT OF TEMPERATURE 

The word temperature means the degree of iiotness of 
a body measured according to some arbitrarily i liosen scale. 
This degree of hotness or coldness, we perceive by our 
senses. In summer we feel hot and in winter we feel coM. 
This feeling is sometimes obtained through our sense of 
touch but not always, as we feel the sun warm and under 
the shade of a tree, we feel cold. But our sense of heat Is 
generally faulty and unreliable asjt may vary from uue 
person to another and depends on the previous condition 
of our bodies. Even if it were possible for us to distinguisli 
which of the two bodie:^ is hotter or colder than tiie other, 
it is still extremely ditficult, or nearly impossible to say by 
how much one is hotter or colder than the other It is, 
therefore, highly desirable to estimate temperature by some 
property of matter which varies continuously with hotness 
and which always remains the same at the same hotness. 
The property most commonly used in practice for the esti¬ 
mation of temperature or hotness in a body is the change in 
volume by heat of some liquid containad in a glass enveloj), 
such as expansion of mercury in the ordinary mercurial 
thermometer. 

Scales of Temperature. —In order to estimate the value 
of a physical quantity we require a standard or unit with 
vhich to measure it. It is well-known that under normal 
conditions of atmospheric pressure, pure ice melts, and 
distilled water boils, always at definite temperatures called 
the fixed points. The interval of hotness between these two 
fixed temperatures is taken to be our standard and this 

interval is conveniently divided in three different ways to 

give us a ‘unit* for measuring temperatures. Every such 
tnut is called a ‘degree* and is written as 4« (four degrees). 
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The most common pcales used are known as (1) Pentigrade 
(2) Fahrenheit and (3) Reaumur. The value of each division 
or degree on these scales and those of the fixed points shall 
(dearly be understood from the following table and Pig. 56. 


Scale of ! 
Tempera- . 
ture 

Melting 
j'oint 
of ice 

Boiling 
point 
of w'ater 

1 

1 

Interval 
in degrees 

Relation 

Centigrade 

■ 0^ 

]00f> 

I 100 

1 

no 

PC= ‘ F 

1 5 

Fa hrenheit 

32« 

1 

1 

212» ! 

1 

^ * 

[ 

1 

1 

180 

« 

! 

r:0 

10F*=: ^ C 

9 

40 

PC-A- R 

i lean mur 

(l‘> 

80® 

8 i 

% 

1 

\ 

0 

PR^-_'^..- c 

4 



If F, C, and R=readings of a temperature on the 

P Fahrenheit, Centigrade and Reau- 

^ ” mur scales, we have 



80 STEAM 


0 ICE 


F 32 _ C _ R 

180 ” 100 “ 80' 
or F=l*8C + 32 = 2 25R+32 (1) 
which will be fouiul to be a 
very useful relation for converting 
temperatures from one scale to 
another. 

The Centigrade and the 
Fahrenheit scales are now very 
largely used in scientiii • work all 
the world over, whil^ Reaumur is 
in use only in (Termany and 
some other parts of Europe. As 
all experiments on heat require 
the use of the thermometers, we 




shall give below important directions 
for their use and taking readings. 


here means one division on the Fahrenheit scale. 
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How to use and take readings on a thermometer. 

1. Always hold the thermometer by the stem, in posi¬ 
tion, so that the mercury thread is clearly visible, Nevrr 
hold it at the bulb for it is too frail to handle. 

2. As far as possible keep the thermometer vertical. 

3. The whole of the bulb and as much of the stem as 
possible should be in contact with the body whose tempera- 
trure is to be measured. 

4. Never push the bulb of the thermometer into a solid 
broken into small pieces. When fixing it to a cork make 
the stem a little wet with water or glycerine, and push it 
on by rotating it in hand gently. 

5. Never place it in contact with a very hot solid or 
plunge it into a hot liquid, whose temperature is more than 
what it can record, and allow it to get hot gradually or the 
bulb will break due to unequal heating. 

6 . Before using a thermometer, carefully note if it is 
graduated in Centigrade or Fahrenheit scale and the maxi¬ 
mum and minimum reading it can record. 

7. Carefully note if it is divided in full or in half 
degrees. Every tenth or every fifth degree is indicaterl by a 
longer mark and is shown by a number. 

8 . While taking a reading keep the level of your eyes 
the same as the level of mercury in the stem, to avoid error 
of “Parallax.” 

9. Estimate the fifths of a degree, by eye-sight and 
take readings quickly in cases where temperature is rapidly 
changing. 

10 . Be careful to keep the thermometer in case when 
not is use, introducing it into the case gently by tilting the 
case, so as to avoid breaking the bulb. 

11. Always be sure that the bulb of the thermometer 
is intact before use. 

12. As far as possible avoid holding the thermometer 

in hand ; always clamp it in a soft pad of cork or evfui of 
paper. 


Experiment 


43 


—To draw a graph showing the relation 


between the readings on Centigrade and Fahrenheit scales. 

Apparatus:^A Centigrade and a Fahrenheit thermome¬ 
ter, a few rubber bands, a beaker with stirrer, a retort stand 
with clamps and a piece of wire gauze, and a gas burner. 
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Method and Manipulations fill the beaker with 

water and place it on the wire gauze. Fasten the two 
thei^mometers with rubber bands so that the bulbs are side 
by side. Clamp or suspend them on the clamp by a piece of r 
thread and so adjust the clamp that the bulbs are well under 
water. Heat water to boiling and note the highest tempera- 

ture on both the scales. 
Remove the burner and 
allow water to cool, taking 
readings after a fall of 
about 10*^ on the centi¬ 
grade scale. Every time 
stir the water well before 
taking a reading. If the 
cooling be slow add some 
cold water, stir well and 
take a reading. For read¬ 
ings below the room tern- 
perature, pieces of ice are 
also added. In this way 
some ten readings are 
taken and recorded as in the table given below : — 

The graph is plotted as shown in Fig. o7. 



CIMTIGRAOE 

Fig. r>7. 


Observations : 


1 

2 

3 

4 ; 

(i .7 : 8 

1 

1 

1 

9 1 
1 

10 1 

1 


t 


. 1 

. _ i 

— _ 


Centi¬ 

grade 


Fahren¬ 

heit 


Faliren- 

licit 

(Calcu- 

Iflted) 


degrees (OC) 


degrees (OF) 


degrees (OF) 
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Calculations and Result 

F-32 140--32 , ^ 

C 

or F=l'8C+32. ...( 1 ) 

If 

l*8=»i j we get 

C=x 32=c \y~mz-\-c 

which is the equation of a straight line. 

Precautions : — 

1. The bulbs should be well under water and should be 
side by side. 

# 

2. Water should be well-stirred before taking a reading. 

3. Eyes should be in level with the mercury thread 
while taking a reading. 

4. Readings should be taken to tenths of a degree on 
both thermometers nearly simultaneously. 

With suitable units, and the zero of both scales as origin, 
plot the Centigrade readings along axis of X and the Fahren¬ 
heit readings along the axis of Y. The points plotted will 
be found to lie on a straight line as shown in the graph 

If F=:reading on the Fahrenheit, and C—reading on the 
Centigrade scale, the inclination of the graph to the abscissa 
will have its tangent 


F-32 140-32 , 

=^6U- 

The intercept made by the graph on the ordinate.. 

c=32. 

The equation of a straight line is 

where 

c m=tangent of the angle made with X-axis, 
o u ... . iii<^ercept made on Y-axis 

Substituting F for y, and C for r and putting fn = l S 
and c=32, we get 

F=rl-8C-f32, 

the relation already obtained in equation (1). 
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Jion^nf intercepted in the form of an 

of temnerature the readings on tie two scales 

^ From the graph we can also determine the 

I I value of a Centigrade reading in terms of 

Fahrenheit scale. The position of the 
13 r- ^ various points plotted with respect to the 

j II graph clearly shows the accuracy of the 

j l| observations taken. 

j J Experiment 44.~-To test the accuracy 

j j of the lower fixed point or the melting 

j j point of ice, on the centigrade thermo- 

I meter. 

1 t— Apparatus :~A thermometer, a wide 
funnel on a stand, with clamp for holding 
\f the thermometer, and a receptacle to 

j ■ receive water from melting ice. 

I j Method and Manipulations : —Wash 

I ice with distilled water and break it to 
pieces by a hammer. Fill the funnel with 
pounded ice and adjust its height so that 
Fig. 58. the water trickling down does not spill. 

Make a hole in the ice» at the centre of the funnel wdth 
a pencil to receive the bulb of the thermometer. Adjust the 
height of the thermometer, so that its bulb is well-surround¬ 
ed by ice, and its zero mark is just visible above it. Take 
the readings of temperature after intervals of about 1 mt. 
each. The lowest reading which remains constant for some 
time is the zero reading. 

Record your observations thus : 

Observations : 


No. oT 
Obseiv-i 
ations. i 


6 ; 1 ■■ 8 ; 9 ilO 


Lowest ob 
served 
(constant) 


Head¬ 
ings of 
tempe¬ 
rature. 


I 


I 


I 


I 
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Zero Readino 



Observed 



ActuaJ 



Erorr Correct ion 

(^ ■ (-) (—KiTor) 


— 1 -C’C 


oo-c 


lOOC 


ho 0 


Calculationa and Results : 

Error-l-Ooc, correction-|-I-O^C. ' ” 

Precautions : 

1. Thermometer fixed vertically, bulb in contact with ice. 

2. Eyes kept in level with mercury column. 

3. Ice washed to avoid soluble impurities sticking to 
the surface. 

V Lowest reading, remaining constant for some time, 

observed. 

Reading taken to one fifth of a degree. 

Experiment 45- —To test the accuracy of the upper fixed 
point, boiling point of distilled water 
on a centigrade thermometer 

Apparatus. —A thermometer, an 
hypsometer on a tripod stand, a 
beaker to receive condensed steam 
on a block of wood, and a Bunsen 
burner. 

Method and Manipulations.— Fill 

nearly three-quarters of the hypso¬ 
meter with water, place it on the 
tripod stand. Fix the thermometer 
^ in the cork so that the mark 980C, or 
thereabouts, is just above it. Fit the 
cork to the hypsometer cover. Fill 
the manometric (U) tube with some 
coloured water. Place the cover in 
position and begin heating the water 
in the hypsometer as shown in Fig. 59. 

In the meanwhile note the temperature 
of the room and read the height of the 
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barometer. The temperature at first rises quicklv then 
slowly and after some time becomes stationary when the 
water begins to boil. Note this temperature at least five 
times after intervals of about one minute, and record as 
follows :— r 


Observations : 
meter= m.m. 


Temperature of the room=^C. Baro- 


No. of 

Observation i 


Boiling Point 
(observed) 


Readings 

of 

Temperature , 


Boiling Point 


Observed 

1 


Calculated 

2 


Error 

1—2 


Correction 
—(Error) 


Calculations and Results. —The barometric height being 
corrected for temperature etc., the boiling point of water is 
calculated from it thus ; charge of 1 m. m. in barometric 
height, changes the B.P. by 0-036®C. 

Calculated B. P.=:100d:(correct pressure—760) x *036. 

B.P. (corrected) =B.P. {observed)^ correction. 

Precautions : Same as in experiment 44. The bulb of 
the thermometer is never placed in water, but in steam. The 
B. P. of tap water is always higher than that of water free 
from soluble impurities. 

Note —Changes in atmospheric pressure produce no 
appreciable change in the melting point of ice, but they 
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aftectthe boiling point of water appreciably. If the pres¬ 
sure of steam insidse rises above the atmospheric pressure 
outside water level in the open limb of the manometric 
tube will rise. To avoid or diminish this difference of pres- 

sure the burner is let down, so that water does not boil as 
rapidly as before. 


Exercise— From the freezing and boiling point 
tion.s of a thermometer plot a graph for corrections 
peratures lying between 0« and 100«C, 


correc- 
of tem- 


Let freezing point correction be= —lOoC, 
and boiling point correction be = -f 1 * 30 C, 

If the bore of the thermometric tube be taken to bo 
■uniform, the corrections for temperatures lying between 



Fig. 60. 

O-O"* and ■100*U®C will or'idnaii-.r • 

With suitable scales illoftho -f 1^3^C. 

corrections as ordinates as c;V, abscissae and 

plot corrections for and ^100^0°C^and^ figure (Fig 60.) 
straight line. It will be these by a 

at 45'C, i.e., the correSio^at iV 

i8-< degrees below this is zero. It 

it. At 60®C it is+0*38®C. degrees above 



CHAPTER XIV 

CHANGE OF STATE 


Fusion or Melting. Almost all solids fuse or liquef 3 " at 
delinite temperatures, and on cooling resolidify at nearly the 
same temperature (point of liquefaction). This temperature is 
known as the melting point or point of liquefaction of the 
solid or freezing point of solidification of the liquid. Those 
which solidify at points below the ordinary temperatures, as 
water, are in common language said to ‘freeze’ while those 
changing their state at high temperatures are said to solidify. 
This change of state, under general physical conaitions, and 
under circumstances in which solids do not change in melting 
takes place abruptly at definitely fixed temperature, which 
does not change so long as the change is taking place and is 
not complete. The pressure effects this terpperature but not 
to an appreciable extent. During the time the change of 
state from solid to liquid or vice ve*sa from liquid to solid is 
taking place, the substance gains or loses heat from or to its 
surroundings, known as its Latent Heat and its temperature 
remains constant. 


The melting point is either determinecl directly by not¬ 
ing the temperature at which a little of the solid placed in a 
thin capillary tube, melts or solidifies or indirectly by the 
method of cooling, in which the temperature at which a 
molten solid changes its state, and which remains constant 
during the loss of its latent heat, is observed. 


Experiment 46, To determine the 
solid (naphthalene) by the capillary tube. 


elting point of a 


Apparatus.—A thermometer, glass tubing, rubber bands,, 
small beaker with stirrer, a retort stand with clamp, tripod 
stand with wire gauze, a fish-tail burner and an ordinary 

Bunsen burner. 
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Method and Manipulations.- With the help of the fi.ht iii 

burner the tube is drawn out at the ^ h--htail 

middle, and broken into two, so as to I 

form two capillary tubes with open ends. I 

Some molten wax is sucked into one of 1 _ 1 

them through the finer end, which is 1] - 

then sealed ui the hottest part of the | I I 

flame. If the solid be in the form of a |l| — J-s 

powder, it is shaken into the tube from Ih —mn l 

the wider end and with the help of rubber III 

bands the tube is stuck to the thermo- ill 

meter so that the capillary end is || 

near its bulb. The beaker is three U| 

fourth filled with water and placed on 

the tripod stand. The thermometer with 

the tube attached to it is so adjusted as // If n 

to have its bulb well under water. (It I m \ 

is always advisable to perform a preli- _ ! , 

minary experiment to ascertain approxi- 

mately the melting point). Water is 

slov^ly heated until the temperature is Fig 61 

a few degrees below the m. pt. and then l • 

•more slowly all the while stirrine the water tk f 

ture, at which the solid just beginr to n^eTt 

carefully, ^ ui,gins to melt is noted 

tranM^ireni” to appear 

solid allowed to tool Its'teZer^a? Hquihed 

to be i"zv ThuV the liquid appears 

all the'ob^servations LTaken 
Observations : 


mm 


Fig. 61. 


Ko. of 
Ob^er- 
val ions. 


Temperature 


(1) 

Liquefaction 

1 

• ™ ■ —-- - 

(2) 

Solidification 

Mean 

Melting 

point 

«U 

OC 

1 

1 

1 

OC 


( 1 ) 

( 2 ) 

v3) 
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Calculations and Result .— 

Melting points...®C. 

Precautions : 

1. Readings in column (1) are generally higher and 
those in column (2) are lower than the actual value, hence 
mean of the two eliminates this error. 

2. The water bath is well stirred specially before tak¬ 
ing the reading. 

3. Temperature is noted just when the melting or 
solidification starts. 

4. Temperature is read to the first place of decimal. 

5. Water is heated slowly near the melting point. 


Note (1). —For some organic solids, or substances like 
sulphur, which change slightly on liquifaction, only the tem¬ 
perature at which they melt is noted. 

(2) For solids whose m. pt. is higher than the boiling 
point of water, castcif oil or sulphuric acid is used; while 
those which are liquid at ordinary temperatures are cooled 
with the help of ice. 

(3) Substances that are generally opaque when solids 
become translucent or even transparent on liquifaction, in 
v hich cases, change of state is easily detected. But this 
change is not quite obvious as in the case of wax, in which 
needle-shaped lines like white threads are visible when 
solidification starts ; while in others change from the liquid 
into solid state is marked by the disappearance of the 

meniscus. 

(4) In some cases, over-heating or over-cooling takes 
place specially the latter, without any visible sign of melt- 
in^ or solidification. This sets in, however, immediately the 
sofid or liquid is shaken by tapping the tube. 

Experiment 47.-To determine the melting point of a 
solid (wax) by the cooling curve method. 


AvV(iTatus.- A thermometer, a boiling tube with stirrer, 

a small beaker, stand with thermometer clamp, a ring with 

wire-gatize, a Bunsen burner and a watch with seconds _ 
band. 


r 
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X> , ’^p®'PPa'*'atus as shown in the ligure 

•rut sufficient solid into the tube to 

cover the bulb and some portion of the 

Stem of the thermometer. Fill the 

beaker with water, so that the portion 

of the tube containing the solid is well 

within water. Continue heating the 

beaker until the whole of the solid in 

the tube is melted. Remove the burner 

and allow the liquid to cool slowly and 

steadily, noting the temperatures after 

stirring well, after intervals of half 

minute. When the cooling becomes 

slower this may be increased to one 

minute or even two minutes The 

temperature will in the beginning, 

^ lall steadily but for some time will 

remain stationary or nearly so and will 

then begin to fall less rapidly. Conti 

nue stirring all the time that the read-' 

e >?en after the solid 
has solidified and stop after taking some 
readings in the solid state. Record 

temperatures as^ordi^ater^ The^fla^ paft^ofTh 

this stage, yet its temperature remSned substance at 

This will be the melting point of the solid.^ ^ 

Observations : — 



Fig. 62. 
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58*0®C nearly. 


•Melting point of the solid 
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TIME 1^50 Mis 

Fig. 63. 


25/v\tfcr. 


Precatd lons ;1. The quantity of water in the beaker is so 
adjuPtecl that the cooling is neither too rapid nor too slow. 

2. Tiie liquid is kept well stirred specially before tak¬ 
ing a reading. 


3. Eyes are kept in Ipvel with the mercury end, and 
readings are taken to fifth of a degree. 

4 , While heating the solid an approximate reading of 
its melting point is taken and its temperature is not 
allowed to rise too much above it. 


5. Readings are taken quickly. 

j^oTE. — This method is applicable with advantage to 
Folids which are not opaque in the solid state or which pass 
through a plastic semi-solid state before solidification, like 

etc - - 
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Evaporation and Ebullition. —Evaporation compi-ra- 

tively slower process of conversion of a liquid into \ apoiir 
-which takes place only at the surface, and at all tempera, 
tures, while ebullition is the more rapid process in uhicli 
liquid changes into vapour vigorously with the evolution of 
bubbles throughout the liquid, and under definite conditions 
of pressure, take place only at fixed temperature. This tern- 
pcrature at which a liquid boils at Normal Pressure is called j 
its BoiUvg Point and it remains constant so long as the who]e|| 
of the liquid is not boiled off. During this transition the *' 
heat absorbed by the liquid is not detected bv tbe thermo- 




meter and is wholly used in changing its state and is called 

it^TjaHntHeat of Vaporisation. The greater the piessure 
th'- liighcr the boiling point, *'1 

I 

Diu' to a large amount of evaporation tliroughout the 
yeiir, there IS always some moisture present in the atmos-l 

phere. Ihis exerts a definite pressure called the Vapour' 

Pressure which depends upon the amount of vapour present.! 

Ulien the air is so rich in moisture that it cannot liold or 

absorb any more, it is said to be saturated. The pressure; 

winch the vapour then exerts is called the Maximum Vapour] 

Pressure This maximum pressure increases with risi o 
temperature. 

The maximum vapour pressure of a liquid at Us boilivl 

point IS always equal w the pressure at which the boiling taked 
place. Ihe boiling point of a liquid can, therefore, he deter-' 
mined, by a method by which we cun find its v nouf 

Experiment 46. (a)-To determine the boiling point o 
a liquid directly, at the ordinary atmospheric pressfre 

minina .^Ijeady described the method of deter, 

aa w i, point ol water (pure) under Experiment 
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>au]“ apparatus is used as in experiment 48 with this 

difiFerence that the hvpsometer is re¬ 
placed by a boilingtube or a glass 
flask. The apparatus is fitted up as in 
figure 64. The boiling tube is fitted 
Avith a straight outlet tube, to keep 
the vapours of the inflammable liquid 
away from the flame and to get the 
condensed vapour back into the*^boiler. 
To heat the liquid slowly and steadily 
a sand bath is used. 

To avoid bumping (splashing Avith 
noise) small pieces of broken glass tub¬ 
ing are generally placed at the bottom 
of the liquid. 

To determine the boiling point of 
pure liquid, the bulb of the thermo¬ 
meter is placed in the vapour above 
the surface of the liquid, Avhile in case 
of solutions or mixture of liquids it is 

put under the surface of the liquid. 

Experiment 4S (b ).— To determine the 
boiling point of a liquid by the method 
of Vapour Pressures. 

A bent J tube, with its shorter limb closed, 



Fig. 


64. 


A])paratu$.~ 

mercury, thermometer, a steel scale, a wide beaker with 
stirrer, a retort stand with clamps, wire gauze and a burner, 
lethod. —Fill the tube with mercury so 
:.hat there is no air gap left betAveen the 
mercury surface and the closed end. 

By tilting the tube introduce a little of 
■he liquid above mercury at this end. 

^it the tube in a A'ertical position with 
he steel scale in betAveen the two limbs 
4S shoAvn in figure 65. Fill the beaker 
vith Avater so as to dip the closed end 
^Tith the liquid in it. Place the beaker 
Dn the stand and begin heating the 
water sloAvly. The mercury level in the 
:;horter limb will descend and will rise 
M the longer one. RemoA-e the burner 
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both. Stir the bath well and read the temperature of liie 
bath when the level is the same. 

The level of mercury will continue to descend lor some 
time, but will rise again when the Avater in the beakei 
bet^ins to cool. Another reading is taken when the level is 
again the same, and this is repeated several nines. The 
mean of these reading.s gives the boiling point oi the liquid. ; 
Record observations thus ; 

Observations : 


No. of 
Obser¬ 
vations. 


Boiling Point 


H) 

( 2 ) 

(3) 


Temperature 

rising 


i'emperat ure 
falling 


M>-. n 
B. l‘t. 


</ 
I » 


Result : 

Boiling point=...' C. 

Precautions: 1. The water is well stirred before th 
temperature is read. 

2. To avoid parallax error, readings are taken b 
keeping the eye in the same levcd as the mercury, both ii 
tile tube and thermometer. 

3. Heating and cooling of the bath should be slow. 

4. Sufficient liquid is introduced into the tube t 
ensure its presence even after evaporation. 

Note.— The same apparatus can be used to determin 
the vajjour pressure of a liquid at different temperatures 
The difference in the level of mercury in the two limbs 
subtracted from or added to the barometric reading, give 
the pressure, while the reading of the thermometer th 
corresponding temperature. 

By a series of experiments tables of maximum vapou 
pressure of liquids at different temperatures have bee^ 
prepared and may be usefully consulted to determine th 
}>oiling point of a liquid by taking the reading of the baro 
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be drawn showing vapour pressure 
a^ain^t temperatures, and boiling points at the atmospheric 
pressure or any other pressure are determined from it. Such 

tables are also prepared for water vapour and their use is 
explained further in this chapter. 

Relative Humidity and Dew Point.— The amount of 
water vapour present in the atmosphere is different at diff¬ 
erent times during the day or night, in different seasons 
rluring the year, and in different localities. During a hot 
summer day this auiount is less and the weather is dry while 
in the rainy season it is more and the air at anv temperature 
IS not always the maximum it can hold at that' temperature, 
.^t any definite temperature, the pressure exerted by 
iqueous vapour is always proportional to the amount pre¬ 
sent in a given volume of air. The ratio of the amount 
ictually present m the air at any temperature to the maxi- 
Ifb*iired to saturate it at the same temperature is 
•ailed Relative Humidity or the Humidity of the air. Or. as 
it constant temperature vapour pressures are proportional 

o the quantity of vapour present, we can write Relative 
tumidity. 

^ Actual vapour pressure. 

Maximum vapour pressure 

The study of the amount of water present in the air at 
ny time or place, is called Hygrometry and the apparatus 
Bed to determine it is known as Hygrometer. 

When the air is gradually cooled, a temperature is reach- 
d at which the amount of water vapour actually present 
t the atmosphere becomes the maximum that it can hold 
t that temperature and the vapour begins to condense 
a colder bodies in the form of small drops of water. This 
Jmperaturc is called the Dew point. The actual vapour 
ressure at any temperature becomes the maximum 
t the Dew point. Various Hygrometers are devised on this 
rinciple. The dew point or temperature at which the 
aponr begins to condense on a shining metal surface as 
etermined directly and the maximum vapour pressure 
t this tempcM-ature is ascertained from the tables. This 
ives the actual vapour pressure at the temperature at which 
\e experiment is performed. The maximum vapour pres- 
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«ure at this temperature is also known similnrly, atot tlie 
Relative Humidity is then found tiuis ; 

Relative Humidity 

_Max. vapour press, at Dew Point 

Max. vapour press, at room temp. 

The Relative Humidity is generally 
expressed as a percentage by multiplying 
the ratio in decimal fractions bv 100. 

Wet and Dry Bulb Hygrometer.—• 

This consists of two centigrade 
thermometers fixed side bv side, 
vertically on a stand, as shown in 
figure 66. One of the bulbs is covered by 
a wet muslin cloth or a wick, the other 
end of which dips under water provided 
in a cup fi.xed below the thermometer. 

This is called the wet bulb and the otner 
the dry bulb. 

Such an hygrometer can couvenieiitly 
be made by the student by taking two 
centigrade thermometers, suspending 
them from a retort stand and covering 
the bulbs of one of them by a thin, wet 
muslin cloth, the other end of which is 
<lipping in water in a small beaker. 

As evaporation of water progresses Ritr. 

on the surface of the wet bulb, the latent 
heat of vaporisation is absorbed mainly from t he bulb and 
temperature is gradually lowered. The amount of 
evaporation taking place depends upon the quantity of 
water vapour present at the time in the surrounding 
air. The lowering of the temperature of the wet bulb is, 
therefore, a measure of the dampnes.s of the air. The rela-i 
tion between the cooling produced and the humiditv of 
au 18 , however, known. The reading of the dry hnib^and 

the lowest reading of the wet bulb are uoied and the 
difrerence of the first and the second recorded. 
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The Eelative Humidity of the air and the Dew Point 
are determined from the tables of vapour pressures thus. 

How to consult the Vapour Pressure Tables —The 

temperatures given are in Centigrade scale and the pres¬ 
sures Ill niches of mercury. The first column gives the 
temperature of the wet bulb. The difierence columL mark- 

tu U, 3 etc. to 14, give the values of the actual vapour 

pressures, for a particular difference of the dry and wet 
u readings. When the air is saturated with vapour at 

any temperature, it cannot hold any more of it, there is no 

evaporation at the surface of the wet bulb. and . the reading 
ot the wei bulb does not fall below that of the dry bulb, 
the pressures given against any temperature in the first 
col uinn and under the difference column marked zero are 
therefore, maximum vapour pressures. The pressures will 
in this case be either for the wet or dry bulb temperatures, 
liie ratio of the actual and the maximum vapour pressure 
at the r.ioni temperature gives the Relative Humidity. 
Jhe actual vajiour pressure as determined above is found 
in the column under zero, and the temperature against this 

in the first column gives the temperature at which this is 
nnixiDium : this is the Dew-point. 

Eijjeriment determine the Relative Humidity 

Jjy means Of the wet and 

dry bulb hygrometer. 


Ajjparatvs. — li:v.o Centigrade thermometers, a piece of 

muslin cloth, a piece of thread, a beaker and a standf 

Method.— The thermometers are suspended from the 
stand by means of the thread. The cloth is tied to one of 
the bulbs, is soaked in water and its lower end is left 
dijiping m water in the beaker. The readings on the two 
theiniometers are taken after intervals of one minute and 
recorded as given on the next page. The mean of the 
dry-bulb readings gives the room temperature and the 
lowest reading on the wet-bulb is taken as the wet-bulb 
reading. 
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Observation :— 

Calculations and Eesulis : 

(1) Actual vapour pressure 

from tables= inches 

(2) Maximum vapour pressure at room tem. 

from tables = 

Kelative Humidity= x 100% 

( 2 ) 

The dew-point from tab]es=...*JC. 

Pd ’• greasy, it should be clean- 

ea Dy washing m caustic soda solution and rinsing in water. 

water thermometer should not dip in 

evanorati'on^rffthe 
evaporation affecting the dry-bulb readings. 

and^enfn/rt'J^'' t^hing the readings 

emperatures are read to tenths or fifths of a degree. 

be avoided ®'*'^®®Phere should be calm and a draught should 
taktng rTading?" his brelth while 

perJtnre^and’fir/''®^ «<>* give figures for some tem. 

portioual These are determined bv pro- 

Portional parts which we shall now explain below “ 
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How to eonsnlt tables for Proportional Parts . 

Let us say the following are the observations in an ex 
periment : 

(1) Dry^bulb reading=25*0'^C. 

(2) Wet-bulb reading=14*5‘’C. 

(3) Difference ,, =10'5®C. 

Determine the Relative Humidity and the dew point. 
From the tables we have : 


Wet bulb Reading 


Difference between Dry and Wet-bulb 

Readings 


10-0 


11*0 


oc 


14 


15 


OC 

•23 

•26 


»C 


21 


24 


Against 14, for 1® diff., change in press. 

j» »» »j f* *» 

,, under 10*5® diff. 


^ 9 






15, for l®diff,, change in press. 

,, ,, 0.5® ,, >> 

,, ,, under 10*5® diff. press. 


02 in. 

*01 „ 

•23—*01 in, 
22 in. (1) 

02 in. 

01 in. 

•26—*01 in. 
25 (2) 


From (1) and (2) we get. 

Diff. in press, for 1®, wet bulb 


25--2*2 
03. 

0-5 




5 J 




0-5®. „ (14-6-140)=^^>c 03 

=•02 approx 


change of state 


\r>5 




/ 

< 


. Pressure, against U-S®, wet bulb under diff. 

10-5='23-f-*02= 25 

Actual Vap. Press. 

Wet bulb under 0 .o;; : r 

=*2a in. of mercury. 

Against 2o-00C, wet bulb. 

under 0, max. vap. press. =-93 (mercury) 

Relative Hiimidity= p ressu re 

Max. pressure 

=7jj2XlOO 

—26-9% (about). 

Dew Point. 

Actual pressure =*25 

Against 4*0®, max. press. = *24 

w 600, 

Diff, for 2*0® 

-25---24 = *U1 Aiw • 

=aift. in press. 

For diff. of p. *04 diff. in tenip.=2‘0®C. 


) 9 


I } 


= 04 


9 9 


>> 


01 


99 


« f 


Dew point 


*01 « 

=:pX2-0«0-5'*C 

= 4 ' 00 -|- 0*50 

=4*500. 


Practical value of Humidity determinations -Records of 

humidity and dew-point are kept at all mo* i - , 
stations. They are very helpful meteorological 

rain and other weather Lndftions which® if of“sp 

p«s.”“„r;xs: 
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CHAPTER XV 

CALORIMETRY 


CHlorimctry. The science of the measurement of quan¬ 
tities of heat is called “Calorimetry” and the apparatus 
with which we measure them are known as ‘‘Calorimeters.” 

Temperature and Quantity of Heat.-, The gain or loss- 
of heat by a body is generally perceptible by the fail or 
rise of its temperature, which can be ascertained by a ther* 
mometer. This is not apparent at the time when a body is 
changing its state. The heat lost or gained by a body, during 
this change does not affect its temperature, which remains* 
constant, and is called “Latent (or hidden) Heat.’** Wh/n 
two bodies at different temperatures are placed in contact 
with each other, the hotter will give its heat to the colder 
one, and this transference of heat will continue until the 
temperature of both becomes the same. The temperature- 
is, therefore, sometimes defined to be that physical condition 
of a body which determines which of the two bodies when 
placed in contact will part with its heat to the other. The 
body which loses heat is said to be at a higher temperature 
while that which gains heat at a lower temperature. 

The quantity of heat present in a body does not, how¬ 
ever, depend upon its temperature alone. A red hot needle 
may be much hotter than a bucketful of luke-warm water, 
but the latter will contain more heat than that present in 
the needle. A large quantity of water will require a greater 
amount of heat to get to boiling than a smaller one. iCe 
quantity of heat present in a body is proportional to its 
mass. 

The loss or gain of heat by a body depends also upon 
tbe material of which the body is made. Equal masses of 
different bodies, when cooled or heated through the same 
range of temperature, will give out or gain different 

fihal] explain the Latent Heat of a body later on. 
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quantities of heat. Or, if equal amounts of heat be iiu^ 
parted to equal masses of various bodies, their temperatures 
^vill rise by different amounts. 

More generalTy, if Q—quantity of heat gained or lost 
by a body of mass=w, and its rise or fall of temperature 

= Q=mx6 .(1) 

where s is a constant depending upon the nature of the body.. 

Unit of heat ;—In equation (i) if s be taken to be 
unity, as in the case of water, Q will be=i, when 
and 1. Hence we define our ‘Unit of Heat’ to be that 
quantity of heat which is gained or lost by a unit mass of 
water during a ri^e or fall of one degree of temperature. In 
the C. G. S. system of units, unit of mass is one gram, and 
unit degree is P Centigrade. Thus the ‘Unit of Heat' 
in the C. G. S. system of units is that quantity of heat which 
^ when given to or taken from one gram of water, raises or 
lowers its temperature by one degree Centigrade. This is 
called a Calorie or Therm, while a British Thermal Unit 
(B. T. U.) is the quantity of heat lost or gained by one 
pound of water in cooling or heating through 1** Fahrenheit. 
The C, G. 8. unit or calorie is generally used in all scientific 

work. 


Capacity for heat or Thermal Capacity.^It is the 

quantity ot heat lost or gained by a body when it cools 
through or gets heated by unit degree of temperature. Or 
from equation (1) ifthe capacity for heat of a body 
will be Q=mxs 

since the factor s is taken to be unity in case of water 
Thermal capacity of water is ’ 

Q=ni=mass of water (numerically.) 

A body, whose thermal capacity is Q units of beat, is 
theimally equivalent to Q=w grams of water. The mass 
of water thermally equivalent to a body is, therefore 
called the ‘Water Equivalent’ of the body. It is the mass 
of w ater w'hich will absorb or give out the same quantity 
of heat, as taken in or given out by a mass w of a body iix 
changing its temperature by l'*C. It is usually indicated 
\V=wx«, where m=ma88 and heat of the body. 
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Specific Heat. — The ratio of the capacity for heat of 
a body and the capacity for heat of an equal mass of water 
is its “Specific Heat”. Or it may be defined as the ratio 
of the quantities of heat lost or gained by a body and by an 
equal mass of water, the range of temperature through which 
the cooling or heating takes place being the same in each 

case. 

r If 

Q=quantity of heat lost or gained by a 
body 

Q'—quaiitity of heat lost or gained by 

an equal mass of water. 

5 = specific heat of the body. 

/‘'=;change in temperature both of the 
body and water. 

7w=mass of the body or water. 

Specific heat of the body 

Q' 


Q 

Q'=mx 1 

since specific 
heat of water 
is taken to be = l 


fnX8Xt_^^ 


mx 1 Xi 

Specific Heat for water, 5--1, follows from the defini¬ 
tion of the “Calorie,” given above. In the equation 
Q = mX5X^ r Q = 1 unit of heat. 

m=l gm. 

« = PC. 


s=l 


if 


I 


L 


Since the specific heat is a ratio, it is only a number and 
when specifying it no unit is used with it. 

Principle of Transference of Heat.— Whenever there 
is an exchange of heat between different parts of a system 
of bodies from the Law of “Conservation of Energy,” (the 
total amount of heat present in the system does not vary, 
if there is no loss or gain of heat to or from the surrounding 
bodies) it follows that, Heat lost by hot bodies=Heat gained 

by cold bodies. 

This is called the, “Principle of transference of heat’ 
and forms the basis of the “method of mixtures” for 
determining the “Specific Heat” and the “Latent Heat 
of bodies, as described below. 

Experiment To determine the Specific Heat of a 
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Apparatus .—hypsometer with tube to take the 

solid, calorimeter with stirrer, lid and a piece of felt or tiaii 

nel. two thermometers * (preferably ^O), balance with 

weights, a retort stand with clamps, a beaker and a tripod 
^tancl. * 

iuh ®*®***“^;—The solid in fragments is put into the copper 
tube of the hypsometer and the cork ^ " 

through which a thermometer (full 0 

degree) passes is fitted to it by tilt- | 

iug the tube so as to keep the bulb I j 

Hfife from breaking. The tube is 3 I 

then fitted to the hypsometer, pre- B | 

yiously filled with water, and ad- ^ 

justed to the stand as shown in [ j | 

I'ig. 67 The water is then heated I Infill! 1 

to boiling. The water in the calori- } 11! I I 

meter, with stirrer (and not the P Cif I 

* in weighed empty and ( j ! I \ I 

then 4 filled with water. The tern- I f L j 

perature of the solid in the hypso I 

meter rises quickly at first and I 

slowly afterwards until it reaches a ^-1 

maximum (about 95°C at the 

ordinary atmospheric pressure). 9 f 

This temperature, which should I I 

remam constant for at least about I 

1 6 mts., is read and recorded The fc'*^ 

\ temperature of the W'ater in the v r- 

«alorimeter, which is wrapped ^ 

round by the piece of flannel and covered with r , • 

weighing, is now taken by the^otS 
(half degree). First make the cork ^n f y^mometer 

calorimeter, without ani) ’unneces?”'^"*: 

in the calorimeter is thorouehlv delay. The water 
steady temperature is read and^^rJeorded^"^ ^'f^est 

thermometer being removed the ^ i ’ • the 

again. The difference of this « {^a-lorimeter is weighed 
^ives tlm weight of the solid taken second weighing 

should be tX at least 
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^{T-L}^C 


Observation.H : 

1. Weight ol empty calorimeter with stirrer— 

2. Weight of enipty calorimtter+water^Wj 
.v Weight of water onh^ 

3. Weight of calorimeter + water -f polid^mg 

Weight of solid only ==(m;^—Wj) 

4. Initial temperature of hot solid — 

5. Initial temperature of water 

Final temperattire of the mixture —T^C. 

Fall of temperature 

and rise of temperature — (T-~/,)®C 

S])ecif]c Heat of copper (of which 
the calorimeter is made) — *095 = *1 nearly. 
Calculations and Ef^suJts : 

*Water equivalent of calorimeter=mass x sp. heat 

= WjX-1 ==.W gms 

Let specific heat of solid (say) 

Heat lost by_Heat gained Heat gained by 

the hot solid by water Calorimeter. 

Masaxsp. heatx 

fall of temperature=mass Xsp. heat X rise of temp, 

-hmass X sp. heatxrise of temp. 
(Wa-Wj) X5X (/i—T) = (W2 -Wi) X 1 X(T-y 

+ (miX*l)X(T~g 

=[(^2- wii)4-W) X (T—4) 

. . _T-4 


gms. 


n' —m 




mass of water+water equivalent of cal. 

mass of solid 
rise of temp. 

^ fall of temp, 

♦Water equivalent of calorimeter may be determined previously by 
a preliminary experiment described hereafter. 
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F7\ cautions l—l. Water equivalent of ealorinioter, either 
determined by a separate experiment or caknlited 
above, and allowed for. 

2. To minimise error due to radiation of heat, eaiori- 
meter is wrapped round by flannel (non-conductor of n'*at> 
and rise of temperature not to exceed 15*^0. 

*:i. Rise of temperature about 10*^0 temperature read to 
0*1'C on a half degree thermometer in the calorimeter. 

4. Transfer of solid to the calorimeter to be quick. Its 
temperature to be kept constant for more than 5 mts. 

Solid to be taken in fragments or small chips so as 
to attain high temperature, and to give up its heat quickly. 

i). Water in the calorimeter to be well stirred, and 
calorimeter kept covered as far as possible to avoid evapora¬ 
tion. 

7. Calorimeter to be weighed when cold and weighing 
not to be taken bej^ond centigrams gms.) ^ 

5. To avoid error in this weight of solid due to evapo¬ 
ration of liquid, the calorimeter with the liquid is weighted 

with the lid before and after dropping the solid. 

0. A wooden partition is placed between the hypsometer 
and the calorimeter. 


Sources of Error.— As we measure quantities of beat 
indirectly by the rise or fall of temperature, for the success 
of the experiment it is extremely important to measure tem 
perature accurately. But this is futile if the readiners on the 
two thermometers happen to differ by as much as loMC or if 
the loss of heat due to radiation be too large. Similarly under 
the circumstances in which tlic experiment is generaVly per 

formed, it is not only unneces.sary but sometimes acr^ravates 
the error m the final result if weighings w carried to the 
t h.rd place of decimals. To eliminate, alJtjw for, or reduce to 
the minimum some of these sources q#. error the student 

should carefully study the following ; 

(1) If temperature of the cal^imetei be read on a 

thermometer graduated in degrees, the rise of temperature 

should not be less than IQOC, and may be even a little more 
For even if the temperature be read correctly up to O-l" the 
err or will be ^ of a degree, of iQo, U.. If't he 

exp ascertained 



MODERN practical PHYSICS 


correct to 0-2‘*C as is generally the case, for we can at best 
estimate correctly by eyesight f of a degree, the error will 
amount to 2%. With a thermometer graduated to half degrees 
v,e can correctly read the temperature upto 01‘^C, and it* 
the rise of temperature be taken between 10*0** and 5-U*^C, the 
error will be between and 2%. For half degree thermo¬ 
meter the rise should never be less than d-o^C and may even 
slightl 3 ^ exceed this limit. 

(2) When full degree thermometers are used, it is sheer 
waste of time to weigh correct to the last milligram. For 
with an erior of 0*2^0 in reading the thermometer, the weight 
correct to a milligram will in no way improve the results. 
Loss in weight due to evaporation, and the drops of water 
which remain .sticking to the thermometer on its removal, 
are more than sufficient to contract the attempt to bring out 
correct results, by taking weights to such a limit. For full 
degree thermometers, it is quite unnecessary to go be 5 ^ond 
0 l gm. weights, and if half-degree thermometers are availa¬ 
ble, these may be carried to 0*Ul gm. 

(3) If the rise of temperature exceeds 15^*0, the loss of 
heat due to radiation will be too great, and in spite of all 
the precautions taken the result may be unsatisfactory. If 
the double-walled calorimeter be not available, as is usually 
the case, to minimise the error due to this source, the calori¬ 
meter should have a polished outside surface, should be care¬ 
fully wrapped with a non-conducting material like felt or 
flannel, Avhich should be thoroughly clean and dry, should be 
placed on a pad of the same non-conducting material, and 
should be covered by the lid as far as possible. The solid 
taken*should be in small fragments, so that it gives up its heat 
qui'^kly to the Avater in the calorimeter, and the thermometer 

ins its highest steady temperature in a short time and^ 
consequciitl}' very little time is allowed for the radiation of 

heat. _ ^ ... 

It is always advisable to perform a preliminary experi¬ 
ment by taking weights of the solid and the Avater in the 
calorimeter correct to gms , and temperatures correct to 
decrees to <^et the desirable rise of temperature. This will 
not only allow for the errors given above, but would initiate 

vbacks of his apparatus and his own 
performance of the experiment. The 
X 5 or 10 mts. in boiling water in the 


the student to the dra 
shortcomings in the 
5-olid may be heated f( 
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Weaker, its initial temperature being noted and the final 

temperature recorded after thorough stirri.i./ This louid 

fhe^sSlid audl'f "to he taken of 

tiie sohd aud tae water in the calorimeter. 

allowed by the caiorimotei is 

o^the resuWSf add to the acouraev 

o. tUe result f the calorimeter used is made of tliin sheet of 

sZuTr ? possible. It ^rill then absorb a 

eZl amount ot water used will be 

comparatively larger. The vessel ,honld n^.t be too wide 
otherwise evaporation of water will be gre.-uer. 

( 0 ) rletore Its transfer to the calo.jnw-ter tl.^ 

tiire of the solid shonld be kept steady for at’ least o mT-^^n 

ensure that the whole of the solid has attained t^th f 
perature of the bath. Tins shouhl he at.oul 98 S(^ ,/Z‘ 

.1.™ thi, i,. .r? gTofXd.ib of 

SSSSS; StrSa 

stirred s*^.!'rhrf '^i relonmeter shoul.l Ire tlioroughlv 

nor the sides of the calorimeter" bottom 

be used in place S the 

when it isT:!le''‘; '"'dboeT 

e~lsti;Voffi;"S“?t5i‘r;L7"‘h“T^ "" “*■ 

of heat to the outside bodies ^ THp losses 

the hot solid is taken by the’water 7nihl 

lost by the solid during k unavoidably 

Several dZees are <=alorimetei- 

a.s small as possible, If hoZveZth^^ to make this loss 
eommonlv in use he ervoei.!’ the ordinary heater, 

make the transfer as ou^ek^'n ’ P'’®?®*’ oare be taken to 

the tran.sit is .so small^as tn ? P°®®*^^®’ the heat lost during 
co mpared with o ther .sourees negligible as 

thins to 

help the Mtiulent in getting good reauRs' Hl'Twn'* ‘"‘“P^ved for, will 

the experiment along right lines will' u?/® ,v ^ Performing 

respect._ k ignc imes will help him a great deal ia this 
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Note. — To determine Ihe specific heat of a liquid by the 
in<*thod of mixlures, proceed exactly in the same manner as 
<iescribed above. The water in the calorimeter is replaced 
by the liquid and the specific heat of the solid used is known 
previously. For inflammable solids, the solid instead of 
beinc; heated by steam is cooled to 0*^0 by sunoundiiig it, 
with pounded ice. On dropping the solid into the liquid, it 
gains heat from the comparatively hot liquid. The calorimeter 
being at a temperature below that of the air surrounding it 
<rains heat instead of losing it by radiation as in the previous 
ease and requires wrapping with a non-conductnig material. 

Exercise. - To determine the temperature of the Bunsen 
biiriKU' the method of mixtures. 


[Hint.-A copper or brass ball is heated in a Bunsen fiaine 
for sufficiently long time so that it takes the temperature of 
the flame. This will be apparent by its red hot colour. It is 
then dropped into the calorimeter, avoiding any splash of 
Avater and the final temperature recorded. The specific 
heat of the solid (copper or brass) being known, its initial 
temperature, vhich in this case will be the teinperature of 
the flame, is calculated a|<ln the case of the specific heat. 

determine the water equivalent of a 

copper calorimeter. 


Apparatus:- A ihin copper calorimeter with stirrer and 
lid two half-degree thernionieters, beaker with tripod and 
wire crauze, retort stand with thermometer clamp, and a 


Bunsen burner. 

Method:- Some water is heated in the beaker and 
in the meanwhile calorimeter with stirrer is i list weighed 
empty and then full of water. Calorimeter is ^^el 
wraDTCd with felt or flannel, is covered with the lid and 

the initial temperature of water is careWly recorded ^rrect 

to O PC The temperature of hot water being read, sufficient 

of it is quickly added to the c.alorimeter so that the rise of 
ot It IS quicKiy thereabouts. The water is 

temperature i about 10 0^ final temperature observed as 

pl.ee of dec,'..I, 0„ eooli.g, the 

calorimeter is weighed once again. 
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Observations : 

(1) Weight of calorimeter with atirrer^m^ gms. 

-t- cold water = w 2 
,, cold water only={»i 2 —Wj) g«is- 

(3) Temperature of hot water °C 

(4) Initial ,, ,, cold water =/j®C 

(5) Final temperature of mixiure —T°C 

( 6 ) Weight of calorimeter-|-cold 

\vater4hot water^Wg gms. 

,, hot water added ={^ 13 —Wg) gms 

Kise of temperature ~~{T 


ItiT 


Calculations and results : 


Let the required water equivalent be ~w 


=heat lost by 

water. 


Heat gained by cold water+ 

Heat gained by calorimeter 

masBXsp. heat Xrise of temp. 

d-water-equivalentxrise of temp. 

—mass X sp. heat x fall of temp. 

(wi,-mi)xlx(T-y+u)> (T—y 

= (Wj-wij) X1 X (<j - T) 

_masB of hot water x fall of temp. 

rise of temp. 

—mass of cold water. 

Precautions Same as in the previous experiment. 


hot 
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.■ CHAPTER XVI 

CALORIMETRY.—(Contd.) 

Latent Heat. — As explained in Chapter XIII the change 
of state of a body from solid to liquid (liquefaction) or from 
liquid to vapour (vaporisation), or the reverse process from 
liquid to solid (solidification), or from vapour to liquid 
(condensation), takes place always at definite temperatures, 
under normal conditions of pressure, and these temperatures 
remain constant so long as the change is taking place. This 
change of state is always accompanied by the absorption or 
evolution of heat. Every gram of a substance, during its 
change of state, takes in oi gives out a definite amount of *’■ 
heat, called its Latent Heat. 

Latent Heat of Water or Fusion of Ice.— It is the ir 

amount of heat required to melt 1 gm. of ice at O'^C to water 
at the same temperature. The same amoimt of heat will be 
evolved in the reverse process when 1 gm. of water at O^C 
solidifies into ice. without any change in the temperature. 

We can measure the ‘Latent Heat’ of water by the 
method of mixtures as in the case of specific heat of 
bodies, by the fall of temperature of water which gives up 
its heat to melt the ice. In order to get good results, we 
have, therefore, to take all the necessary precautions taken 
in the measurement of temperatures and the determination 
of specific heat For success in these experiments of 
change of state, we have, however, to be more careful in ^ 
taking these precautions. We shad discuss some of the more 
important of these as follows :— 

(1) To reduce the percentage error in reading tempe¬ 
ratures correctly, even if we use half degree thermometers, 
it is necessary to have an appreciable fall of temperature, 
usually of about 10^ or even 15^C. The temperature is 
carefully read to O'PC with a half degree thermometer. 
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^1! t®“Perat uj-e is falli„j, below 

that of the room, specially when the fall is >rreut. the 

a orimeter takes up heat from the surroundin''air This 
source of error >s too great to be allowed for ontirelv or 
minimised by wrapping the calorimeter «ith felt or tlannei 

s "-oiins the" ir;. 

aeposit of dew on the surface of the calorimeter and 

01 Its latent heat to the vessel. To allow for this t 
of ceTo^be^rsed'-^r^ i3 necessary to e.stimate the amo\.n't 
ratureinJw °f temp- 

^ ®od one or two large pieces of ice ire 

nfS *T.'* “'■"'’S "“■ !<■' "i'l' hlotti„„ .' (iiM 

paper. The water i.s thoroughly stirred keenine , ; 

on ,™ th'r'Lom^Hfnold "" '"»>P<n"to.o 

to t£’ Jirit “It r''„of 

.mall piooes, and a l.rg„ |„„p „f takes"ii'°“°aK 

b'itrTeSg."7r‘ al';,“' 'Th“: *r Td"-" "»•" 

calorimeter from surrounding air, is, there?^!!^! grm.,"'' 

(4) lo allow for this gain of heaf fhr ^ 

above the .c,.:;:r.tTTr.iv:s“^^^^ 

rature is to be l,<d„„ |t „.he„ the whole „ "? 'T't' 

If file fall of temperature is to be IO°P i +u molted, 

of the room is 2.rc wLer in the 1? temperature 

at 30 C The f-ill* nf f ^ ^ should be taken 

.»u me taj] of temperature beine lO^P firZi 

temperature would be (30-10)“ =‘>0°P®wli' ^ ^ 

the room temperature. Durimr the first b ’llf nf ^ 

of calorimeter from 30“C to^aiV il h ^ 

radiation • T“ ‘‘^“P^^^ture and it will lose heat by 

turetn:f;;m''^5 

in^s fltiH ^t IS colder than its surround- 

abLrption of Lit T' radiation and 

tional to the difiference of its temperature and that of th^ 
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heat 

f- ]1 h 1 ^ -7 I fremperature as it gains during its 

fro» "■ h.« to or 

(5) The weight of the ice melted is determined by the 

increase m the weight of water taken. Weighings are ro be 

taken very carefully correct to •111 gm. as every gram of 

ice lakes an appreciably large amount of heat (80 calories) 
in melting to water at 0°C, and slight error in the weight of 
ice will entail a large error in the determination of its“]atent 
jieat If warm water be taken, during the summer, due to 
rapif] evaporation the weight of water in the calorimeter 
is not correctly determined and hence it is much better not 
to warm the water when the room temperature is hivh, and 
the calorimeter is kept well covered during wiTigliings. 
the weight of the cover may be determined separately 
H'fore hand. When the air of the room is moist during 

the rainy season, the temperature of the calorimeter should 

not fall beyond a few degrees and if necessarv, before 
weighing, the dew depositedd on the outside surface of the 
calorimeter should be wiped off. The final weight of the 
calorimeter is generally taken when it attains the room 
temperature. 

(6) To determine the coirect weight of ice melting 
within the water it is also necessary that it should be dry 
before it is dropped into the calorimeter. The water at its 
surface is carefully soaked by the blotting or filter paper. 
Care should be taken that no water is removed from the 
calorimeter along with the bulb of the thermometer. To 
avoid this either the thermometer should be made wet 
before it is put into the water or the last drop sticking to 
it should be removed by tadching it with the sides of the 
calorimeter. y 

Experiment o2.\f6 determine the Latent Beat of water 
(or of fusion of ice) by the method of mixtures. 


*Sote. _As before no hard and fast rule.** can be Is’d down to 

ensure good results. A careful experimenter will study for hiraseJf the 
wejik points of the experiment and will be able to get results not very 
far from the actual ones. Considering all the sources of error the 
results obtained should always be below 80 calories and not above it. 
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Apparatus, — A calorimeter with cover, stirrer and a 
piece of flanne), a half degree thermometer, balanc^ with 
weights, some pieces of ice in a dish, a beaker on a 
^ stand with wire gauze and burner, a piece of blotting paper. 

Method. - After performing the preliminary ex¬ 
periment, the calorimeter with stirrer is hrst 

Avcighed v.'ithout the cover. The weight of the cover is then 
added to it. meanwhile some water is heated in the beaker. 
When its temperature is a few degrees above the initial one, 
estimated previously for the desirable fall, the necessary 
amount is poured into the calorimeter ; and its weight 
,det(Tmined with the cover on. The calorimeter being 
wrapped tiglitly with flannel, a lump or two of icc after 
being dried properly with blotting paper is quickly dropped 
into it. The stirrer and thermometer being placed in 
. position, the water is thoroughly stirred, keeping the piece 
of ice well under water, until the whole of it melts. The 
lowest steady temperature reached is carefully noted correct 
to O'PC. If there were some moisture deposited oi? the 
surface of the calorimeter it is wiped off and the vessel 
allowed to attain the temperature of the room, keeping it 
well covered all the time. The thermometer is removed 
without taking any drop of water out with it and the 
calorimeter is 6nally weighed along with the stirrer and the 
■cover, Observations are recorded as below. 


Observations: 

Room temperature 

Final temp, in the preliminary experiment = ...'^ 
Fall of temp, (app.) below the room temp. =:.„®C 

1. Weight of calorimeter-Pstirrer^TWj gms. 

2. ,, ,, +stirrer and cover = gms. 

»» ,, 4 warm water = w, gms. 

>» 4 warm water taken = gms. 

4. Initial temperature of water=^ij‘^C 

5. Final temperature of mixture 

(after melting of ice) =T°C 

Pall of temp. =(«^^T)®C. 

6 . Weight of cal. etc.+water+ice’=mj gms. 

it „ ice only ^(W 4 —w,)gm3 
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Calculaiions and result : 

Let the latent heat of water be =:L calories 
and water equivalent of calorimeter =W gms. 

. , , 1 =Heat lost b3^ 

Heat gained by ice in melting 4- z warm water -f- 

Heat gained by melted ice r Heat lost by 

J calorimeter. 

Wt. of icexL-fWt. of icexfinai temp. 

—Wt. of waterxfall of temp, 

+ W xfall of temp. 

(^4—Wg) X L+(w4— 7/13) xT^(m3-w2-f W) x(«i-T) 

L=^ 

_(wt. of warm water-j-water equivalent) fall of temp. 

wt. of ice melted " 

—final temperature.* 

Precautions : 1. Fall of temperature to be between 10® 
and 15®C. 

2. To avoid error due to radiation of heat, warm water 
is taken as much above room temperature as the final 
temperature is below it. 

3. Temperature read correct to 0*1®C. 

4. Weights taken correct to 0*1 gm. 

5. Ice properly dried, kept under water and thoroughly 
stirred. 

6. Calorimeter kept covered as far as possible. 

Latent Heat of Steam (or of Vaporisation of water).— It 

is the amount of heat in calories, necessary to convert one 
gram of water at its boiling point to one gram of steam at 
the same temperature. The same amount of heat will be 
given up by one gram of steam in condensing into water, 
without any change in its temperature. Unlike the latent ^ 
heat of water in which heat is absorbed by ice in melting, 
the quantity of heat given out by steam in condensing into 

* Note— Since some ice melts outside the water in the calorimeter, 
and heat is taken by the cold calorimeter from the surroimdings fall of 

temperature in this equation is less and weight of ice melted is more 

than what actually should be the case. The former being the numera¬ 
tor and the latter the denominator of the expression the right-hand side 
of this equation, the result has, therefore, the tendency of being smaller^ 
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water is ascertained by the method ol mixtures for the 
determination of its Latent Heat. 


4 ^ 


As a comparatively large amount of heat is lost by a 
-gram of steam (536 calories) before it condenses into water, 
a small quantity of it will raise the temperature of the 
calorimeter to a very great extent. Special care is to be 
exercised and proper precautions taken to determine the 
exact weight of the condensed steam and to allow for the 
radiation correction. 

Several apparatus with special devices, with “steam- 
trap” and “separate condensers” have been (see Fig. 68) 
devised, to determine the proper weight of dry steam 
which on condensation gives up the whole of its latent 
heat to the water in the calorimeter. But the apparatus 
is so elaborate that it does not admit of easy manipulation 
f by the beginners. The balances, thermometers and the 
calorimeters with which the student has to work are, more¬ 
over, not of a standard to justify the use of such complica¬ 
ted apparatus. 

It is no doubt that, due to various causes, some be¬ 
yond the control of the young experimenter, the results 
obtained are not of a very high accuracy. But at this ini¬ 
tial stage the aim of the practical work is not to get very 
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ficc‘ur<-;to results, but to initiate the scholar to ordinory 
D13nipulations, and to create in hiin the habit of takiny 
correct observations, understanding and appreciating the 

value of sources of error in an experiment, which may lead 
to accurate results. ^ 


To attain this object we describe belov/ a very simple 
form of apparatus [Fig. 68. (a)] which had lately been in use 
in practically all laboratories for junior work, and the results 
obtained with this are quite compatible with its simplicity 
and ease of manipulation. But before we do so, we would 
like to point out some main features of the apparatus used 
and the sources of error peculiar to the experiment. 


(1) The principal source of error is the determination 
of the correct weight of the steam condensed in the calori¬ 
meter. As this is obtained by weighing the calorimeter after 
the steam has passed through it, it is necessary that the 
drops of water into u hich steam is condensed during its 
passage through the delivery tube, or small drops of water ^ 
in the form of spray, do not get into the calorimeter. For 
this purpose the delivery tube used is wide, it is not very 
long, is bent towards the heater, and is carefully covered 
with non-conducting cotton wool. Water drops collecting 
at the mouth of the tube should be removed by a piece of 
blotting paper, before introducing the tube into the calori¬ 
meter. 

(2j The steam condensed should not be less than 4 or 5 
gms. or the percentage erroi in determining its weight will be 
too large. This would raise the final temperature to a 
great-extent if the water in the calorimeter is too small and 
hence a greater loss of heat due to radiation. To estimate 
the amount of steam to be condensed, and the quantity of 
water to be taken in the calorimeter to keep the rise of 
temperature within proper limits, a preliminary experiment ^ 
is performed. The calorimeter is filled ^ with water, and 
without finding the weight of water, its temperature is 
noted and steam is passed through it for some time so that 
the rise of temperature does not exceed 20‘’C. This would 
trive a rough idea how long the steam is to be passed into the 
amount of water taken in the calorimeter, to. get the per¬ 
missible rise of temperature. 
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As the hnal temperature is pretty iiigli. loss of 
weiulit of water in the calorimeter occurs due to evaporation. 
To avoid this, the calorimeter is properly covered and is 
weighed along with the cover in the final weighing. Weight?^ 
are taken with greater care and accuracy to milligrams. 

(4) To diminish the error due to evaporation of water 
and the loss of heat due to radiation, water in the calori¬ 
meter is cooled by dropping a little ice into it, so that its 
temperature is lO^C below that of the room. If the estima¬ 
ted rise be 20®C, its final temperature will be 10*^0 above the 
room temperature. The gain of heat from the surroundings 
during the time that the temperature rises to that of the 
room, will be compensated by its loss, during the interval 
vhen the temperiiture is above that of the air. As the final 
temperature exceeds only by lO^C and not 20*^0 as in the 
previous case, when no ice is added to the water, the eva¬ 
poration will consequently be less and hence the error in the 
weight of steam condensed will be smaller. 


(fi) Water at ordinary atmospheric pressure obtained 
in the laboratory does not boil at lOO'C, but at a temperature 
a few degrees below it. The initial temperature of steam 
may either be taken by a thermometer inserted in the boiler 
(this is not shown in the figure),or the Barometer may be read 
correct to millimetres and the boiling point calculated. The 
thermometer used in the calorimeter should be graduated 
to half degrees so as to read correctly to 0*1 °C. 


(0) The delivery tube should be immersed under water 
so that no steam escapes from its surface and condenses on 
nther parts ot the calorimeter. The water should be kept 
thoroughly stirred w^le the steam is passing, so that the 
thermometer correctly registers the final temperature 


(7) Care should be taken not to remove any drops ot 
v^ter along with the thermometer, when it is rem^ed from 

by touching the side of the calorimeter or the thermometer 
should be moistened previously. 


(S) The calorimeter should be thoroughly wrapped with 

flannel and should be placed on a pad of felt In Jrder to 
stop the heat radiated by the boiler from arriving at the 
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calorimeter, a wooden partition (board) should be placed 
between them.* , 

Experiment To determine the Latent Heat of 

steam, by the method of mixtures. 

Ajyparatus .—A steam heater, with wide bent glass 
delivery tube padded with cotton wool, a calorimeter with 
stirrer, a block of wood, a half degree thermometer, a burner 
with tripod stand and pieces of blotting paper. 

Method and Manipulations.— The apparatus being fitted 

a.s shown in the figure the water 
in the boiler is heated, and the 
calorimeter with stirrer is first 
weighed empty without covei-, 
and the weight of the cover 
{ separately determined) is 
added to it. The calorimeter 
is filled ^ with cold water and ^ 
its temperature noted immedi¬ 
ately before passing the steam 
through it. The barometer is 
read and the temperature of 
steam calculated from it. When 
steam is profusely coming out 
of the delivery tube the last 
drop of water at its mouth is 
removed by the blotting paper, 
and the tube is quickly intro- 
Fig. 69. duced into the calorimeter, so 

that its end is well under water. 
The calorimeter covered on all sides with flannel, is placed 
on the block of wood. The calorimeter being covered, 
water is thoroughly stirred and the highest steady tempe- > 
ratnre is recorded correct to 01^'C. On removal of the 
delivery tube, the calorimeter with stirrer, and its contents 
is weighed with its cover on. Thermometer is removed 
without taking out any drop of water with it. 

* _Practically all the sources of error lead to an error in the 

u-ei^ht of steam condensed. The tendency of these is to lower the 
resvdt. 520 calories or thereabouts is generallj expected which is about 
■3 p. c. lower than the correct value. 
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Observations. 

Room temperature 

Final temperature (preliminary experi 
meat) 

Approximate rise of temperature 

(1) Weight of empty calorimeter with stirrer gms. 

,, and cover=w^ 

<3) „ >, rh cold water=mj 

,, cold water only =(wi 3 -w..),, 

=M gms. say 

(4) Temperature of steam (by calculation) 

(5) Initial temperature of cold water 

(6) Final temperature of water, after passing 

steam =T^C 

Fall of temperature _X)°C 

and Rise „ < ^(T-yT 

(7) Weight of cal. etc. after condensation 

of steam 


gms. 


=L calories 


/. Weight of steam condensed 

Calculations and result. 

Let the latent heat of steam be caiones 

and water equivalent of calorimeter =W grams. 

X '095 

Heat lost by Heat lost by') ^ 
steam + condensed L^^eat gained 

in condensation steam I *^7 cold water calori- 

Wt. of steam xL+wt. of steam xfall of temp. 

-wt. of cold water X rise of temp. ’ - 

’“xL+>»(I,-T)_(M+W)(T- y''■ 

,, I, _ 1M_+_W)(T-<,) , 

m I'l—•‘■b 


all.the Steam is not condensed within the water in tV.e 
Rte of tempera"!theltuaI vam: 

hence tU vXofTwLm “"<1 

Radiation of heat also tends to wTtWesVir 
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Precautions : — 

1. Steam condensed should be dry, i,e., free from drops 
of \rater. 

2. The weight of steam condensed to be about 4 or 6- 


tl 


3. To avoid evaporation, calorimeter weighed while- 
covered, and initial temperature of water to be below the 

room temperature by halt the rise of temperature. 

4. Last drops of water removed from the delivery tube. 

5. Weights to be taken correct to milligrams, and 
temperature to 0*1 °C. 

6. Water thoroughly stirred before taking the final 
temperature. 

7. Water equivalent of calorimeter to be noted, and 

allowed for. 

8. Drops of water sticking to thermometer not to be 

removed, but retained in the calorimeter. 

Radiation. 

Newton’s law of cooling. The rate of cooUvg or the fall 

of temperature per second is proportiona l to the excess ol 

temperature above that of the surrounding. Thus ttio 

quantity of heat radiated per second by a given surface la 
proportional to the excess of temperature of the surface 
above that of the surrounding. This law is true if tli 
escess of temperature is not above 25®C. 

Experiment 54. To verify Newton’s law of cooling. 

Apparatus A calorimeter, stop watch or stop clocks 
two \ degree centigrade thermometers, hot water. 

Method. Take a calorimeter and fill it two-third with 
hot w^ater. Place it on a wooden block so as to expose 
it to air. Insert a thermometer and a stirrer in it. 

Note the temperature of water after every \ njinute 
and then after an interval of one minute. Keep the wate 
well stirred throughout the experiment. 
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Note the room temperaiure by anotlui iheimomcLer. 

{a) Plot a graph with time along X-axis and tempera- 
^ture along Y-axis (Fig. 70.) 

From the graph find the rate of cooling, viz., tlie fall 
of temperature during any minute. Find the mean 
temperature during this minute, and take a number of 
readings for a few more minute intervals. Find also the 

excess of mean temperature above the temperature of the 
surroundings. Tabulate these readino^s. 

(b) Draw another graph between excess of mean temper 
ature and rate of cooling (Fig. 71). It will be a straight Nne. 

Observations.— 


Room temperatures 



Is o of. Mean temp. Kxcess of mean 
oils. atone temp, above 

minute interval air 


Rate of , Coolkii; 

Cooling Excess of 

mean temp. 




TEMPERATURE IN C 


MODERfJ PRACTICAL PHYSICS 



Fig. 704 



t 


4 


ill 




7J I M I l | ' I ' ■ I ’ I ‘ I ■ I I ' ‘ 

/5 /5 n 19 21 25 25 27 29 SI 

excess of temf>erature -*• 

• ' * 


Pig. 71. 

Sourcrs of errer. Loss of heat by conduction and’ conv^cc- 
tion and evaporation. 

Experiment 55. Find the specific heat of oil by the 
method of cooling. 

Apparatus. Two calorimeters, two thermometers, a 
double walled enclosure to suspend the calorimeters, two- 
graduated cylinders, a stop clock, a water bath, two- 
burners and a Hask. 

Method, Heat water in a beaker over one burner and 
oil in a flask in a water bath over the other. Take two 
calorimeters and weigh them along with the stirrers. Take 
about 100 c.c. of each hot liquid and pour them into two 
respective calorimeters, suspended inside the double walled 
enclosure containing water in the space between the two 
walls. Note tJie temperature of each liquid at an interval 
of one mirnute and do it for 30 mimutes. Weigh the two 
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oalorimeters after these have been cooled. Plot t\ro curves 
on the same graph paper taking time along the X-axis 
and temperature alon^ the Y-axis. 

From the two t 
curves find the time 
for each liquid as its 
temperature falls from 
to 0^. Let the time 
in the case of water 
be L ill the case 
of oil t.y minutes. Find 
the rate of loss of heat 
in each ease and calcul¬ 
ate the specific heat of 
oil by equating them. 
Observations . — 

Wt. of calorimeter 



-f stirrer^m, 


r/ME 

Fig. 72. 

Specific heat of calorimeter and stirrer - 8. 
Wt. of cal. + 8tirrer+water= 

Wt. of water=Mi 

Quantity of heat lost per minute 




h 


Wt. of calorimeter-I-stirrer=m8 
Specific heat of calorimeter and Rtirrer=S2 
Wt of cal. 4 stirrer + oil= 

Wt, of oil=M2 

Quantity of of heat lost per minute 

= (M2ar-4 ’ 

where x is the specific heat of oil. 

By Newton’s law of cooling 

(M,4 w, S,) (M,a:4»M2Sj) 

Tabulate your observations as follows :— « 

Wt. of calorimeter A=?wi, Wt. of calorimeter i> —^ t 
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It is better to calculate x for each range and then find 
its mean value. 

Precautions, 1. Take equal volumes of the two liquitis. 

2. Keep the liquids well stirred, 

3. Both calorimeters must be of the same size, same 
material and blackened from outside. 

4. Do not bring any hot or cold body near the 
enclosure otherwise the temperature of the enclosure will 
change. 

5. As far as possible take tiie initial temperatures to 
be the same 

Sources of error, yl) Los.s of heat by conduction and 
convection, and evaporation. 

(2) The temperature of the enclosure may not remain 
constant. 

(3) The surfaces of calorimeters may not be similar. 


SOUND 


CHAPTER X\TI 

FREQUENCY OF VIBRATION 

Period, Frequency and Wave-length.— Sound is produced 
by the rapid vibrations of a material body. Like those 
oi a pendulum, these vibrations can be shown to be simple 
harmonic. They are always produced in elastic bodies, 
llnf ^ fork, a stretched string or a column of air. 

When a vibrating body is emitting sound, these vibrations 
are transterreci to the air surrounding it in the lorm of 
condensations and rarefactions, which when thev reach 
the ear produce the sensation of sound. 

IJie motion of the body from one extreme end to the 
otlier and back again to its starting point is called the 
'Vibration or Oscillation/ Or it is the passage of the 
vibrating body through its mean position in one direction 
to its next passage in the same direction. The distance to 
Avhich it moves on one side from its mean position is its 
Amplitude. The number of vibrations made by a body in 
one second is its ‘Frequency^ and tlie time of one com¬ 
plete vibration is the *Tiine Period' or the ‘Period,' The 
frequency and the period of a vibrating body is also the 
frequencj' and period of the ‘note’ given out by it. The 
higher the frequency the higher is the ‘pitch’ of the note. 
The period 


t= or period = 


frequency 


( 1 ) 


Where 

frequency 


or 


1 f 1 

, or trequency =- 

t period 


( 2 ) 


/=period. 


Consider a vibrating body to move from one extremity 
to the other. During the motion it compresses the air 
adjoining it, which in turn compresses the particles of air 
next to it and so on- Thus a compression in the air i» 
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produced during one half period of tlic bod^\ , which moves 
forM'urds. When it returns on its hack-ward journey a 

rarefaction ij^ ^^iinilarly produced in the air, wliicli iollows 

the compression and travels through the air <liJring the 
second half-period. A series of alternate compressions and 
rarefactions is thus produced in the air, during the vibra¬ 
tions of the body. The distance between ‘two consecutive 
compressions or hetMceu a *crest and the next ‘crest or 
between two neighbouring troughs is called a ‘wave-length, 
A wave-length is. therefore, the distance through which, 
a compression or rarefaction travels in the time period. 


X—vi 


(3) 


or from Equation (1) i= - 


1 


n 


A-rx ^ 




o r t; -r ^ A 


(4) 


If 

i;=velocity with 
waves travel, 

wave-length. 

/ — period. 




hich 


Tuning Fork.—It is a 1_ -shaped bar ol steel, with a 
side bar at the bend to hedd or to tix it on a sounding box 
or board. The note emitted by a tuning fork when struck 
with a rubber hammer or against a soft pad is the simplest 

possible, hence it is very commonly used in the laboratory 

to produce a note ol any desired frequency. Ihis note is 
taken to be a standard one and the notes eniittea by other 
bodies are compared with it by ‘tuning’—-hence its name 
^tuning fork.’ The frequency ol the tuning fork is gene¬ 
rally marked on it. This is sometimes shown by letters of 
the alphabet. In the middie Dia tonic Scale the Irequeii-- 
cies (orresponding to these letters are : 


CDEEGAB C: 
250 288 320 341 584 427 480 512 


Measurement of Frequency :— 

{a) By the method of Beats. 

if two tuning forks, of nearly equal frequencies, moun¬ 
ted on sound boxes be struck one after the other the sound 
heard will alternately rise and fall. These are ealled ‘Beats’, 
The number of beats heard per second w ill be equal to the 
differenet* of their frequencies. This can easily be shown to 
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be the case. Let two tuaiag forks have frequencies equal to 
8 an-1 9. Let the waves produced be represented by the 
two displacement eurves, in thick and dotted lines as 

.shown in figure • 73. ^ 
(A) shows the com¬ 
ponent curves, and 
their resultant is 

shown in Fig. (^)* 

At G the two waves 

are in the same‘phase’ 

Figi 73. t.e., a crest coincides 

with a crest and a trough with a trough. The , ve- 
Hultant curve at this point will have the largest amplitude. 

As the waves progress, one being shorter than the othei, 
they soon become out of step at D, at a distance trom 
0. covered in half the period, one gains abov^e the other halt 
a wave-length and the crest of one is superdmposed on the 
trough of the other. The two waves destroy or neutralise ^ 
one another and the resultant curve has a negligible ampli¬ 
tude at the point. This is repeated after regular intervals. 

In one second two such points of great or small amplitude 
will pass the ear of the observer or the sound heard vvill rise 
or fall once in one second or there will be one beat heard 

per second. Similarly if the frequency difference is 4, there 

will be 4 beats per second, and so on. 

The phenomenon of‘beat’gives us a very convenient. 

method of measuring the frequency of a tuning fork by 
sounding it along with another of nearly equal frequency, 
which is known. The time in which a certain number of 
beats are heard is determined and the number of heats per 
second is m and n=knowTi frequency, the unknown fre¬ 
quency will be n-\-m or n—m. To find whether the plus o»* the 
minus sign is to be used, a prong of the tuning fork whose * 
frequency is to be determined is loaded with a little wax or 
a small load fixed by a screw as shown in figure. This re¬ 
duces its frequency. If the forks are struck again and the 
number of beats increases, its original frequency without 
the load was lower than that of the other and hence its ire^ 
ouencywill be n-m. But if the beats heard per seconrt 
Xcrease, its frequency in the unloaded condition was ongi- 
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naiiy above that of the other, n We shall now 

<lescribe below the method of detenninincr the freqneii.-y 
of a tuninor fork. 

I 


Experiment 56.—To determine the frequency of a 
tuning fork by the method of 'beats* with another of 
known frequency. 


Appenatys.—Two timing forks of nearly equal frequen¬ 
cies movinted on sound boxes, one of them being known ; 
■\ rubber pad, hainraor and a* stop watch. 

Method. —The tuning forks being placed with their 
sound-boxes facing one another as shown in Fig. 74, they 
are struck with the hammer one after the other, a certain 
number of beats arc heard and the time noted. This is 
repeated several times and the mean for the 



Fig. 74. 

beats heard per second calculated. 'I'he tuning fork with 
the unknown frequency is loaded near its bend and the beats 
and the corresponding times noted again. If the number of 
beats increases the number of beats heard per second before 
loading is subtracted from the known frequency. If they 
decrease it is added to it. The sum or the difference gives 
the unknown frequency of the fork. 

* Note The load should not be too great. For if the frequency 
to be determined were above the known frequency, the load may 
derrease it too much below that of the other, and the beats heard in¬ 
stead of decreasing may actually increSBe. 
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Observations : 


No. of obser¬ 

No. of 

1 

1 

Time 

Beats 

Mean 

vations. 

beats. 

1 

1 

in sec. 

per sec. 

' 

1 

1. 

1 

1 


1 

1 

( 

1 

2. 

1 

1 

1 

1 

1 




3. 1 

• 

. 

1 

! ' 

1 

4. 


1 

1 

1 

( 

1 

1 


5. 

1 


1 

1 

1 

i 

1 

I 

t 

1 

1 

; =wi(say) 

1 V 


The known frequency—w- (say) 

On loading the fork the beats increase (or decrease). 

The required frequency=?i—w or 

Precautions: 1. The unknown frequency should not 
differ by more than 4 from the known one, otherwise the 
beats will be too rapid to count. 

2. The prong of the fork, with unknown frequency 
should not be loaded too heavily. 

Time should be recorded to ^ of a second. 


/ 

% 


4 



CHAPTER XVIll 

RESONANCE COLUMNS 


Measurement of Velocity and Wave-length. —A tuning 
fork is held over the open mouth of a tube closed at the 
other end, and if the length of the tube be adjusted a po^^i- 
tion is obtained where the sound emitted by the fork is re¬ 
inforced by the vibrations of the air column which vibrates 
in sympathy with the tuning fork. This is called Reso¬ 
nance, and the air in the tube, the Resonance Column. 


The simplest form of apparatus used to illustrate this 
phenomenon is shown in figure. The lower prong of the 
tuning fork as it moves down produces a compression in the 
air, which travels down the tube and on reflection at the 
surface of water as compression arrives at the open end. If 
at this instant the prong has completed half the vibration 
and is on the point of moving upward it will be helped by 
the arrival of the compression wave and a greater rarefac¬ 
tion is produced, due to both the upward motion of the 
prong and the reflection of the compression wave as a wave 
of rarefaction at the open end. This wave of rarefaction 
now moves down and if it arrives at the open end as rare¬ 
faction at the instant when the tuning fork has completed 
one vibration and is about to produce a compression, the 
two will again help each other. The period of vibration of 
air column will then be the same as that of the tuning fork, 
and the note emitted by the column of air will have frequ¬ 
ency equal to that of the fork, and the note heard will be 
louder. 

During the time that the tuning fork executes one com¬ 
plete vibration, the wave will have travelled the length of 
the tube down .and up four times, twice as a compression 
and twice as a rarefaction. But the distance travelled by 
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the tvave in one con^plete vibration of the tuning fork is one 
wave-length, hence 


or 


( 1 ) 


X=wave-length. 

^i=length of resonance tube 


This is called the first resonance position. 

A second position of resonance is obtained il 
the tube be increased by one-half wave length. By the 
time that a compression takes to move down ' 

tube once, the tuning fork completes one and a half vibra¬ 
tions and at the instant, the two are in a ^sition to 
reinforce each other, and the tube resounds. Twice the 
leneth of the tube will then be equal to one and a half wave 
leng^ths. Thus if i 2 =length of the tube, in the second 

position of resonance 


i,= S A. 


(2) 


End Correction ol the tube.— The rehection of the waves, 
however does not take place exactly in the place of the 

n end but a little beyond it. Ihc effective length ol the 
open euu, . tijgrefore, increased by an amount 

upon the diameter of the tube. This is called 
Sr-Correofion for the open-end” or only the “End Correc¬ 
correction is found to be nearly=-3d cms. This can also be 
determined expifrimentally thus : 


Let c be=the end correction. 

Allowing for Ibis in equations (1) and (2), we get 

and ^2+^^ $ ^ * 

Subtracting (3) from (4) we get :~ 

^2 h 1 , 


(3^ 

(4> 


(6) 


resonance column> 


11 


ri<jUi aiul (o) ueort.! 

+0 

0 A ^ 


- C — 2 2 


(<>) 


Tlic values of and are obtained from the two posi¬ 
tions of the resonance, and the end correction determined 
from equation (6). 

Measurement of Wave length- The end correction is 
calculated from the internal diameter of the tube measured 
by calipers, and this is added to the length of the tube I 
obtained from the frst pcsilion of resonance. The wave¬ 
length will then be from equation (3) 

X=4(ii-fc) 

Or, if the tube is long enough to get the second resonance 
position the value is obtained from equation (6) 

X=2(?2—Z^), jgj 

Measurement of Velocity of Sound-waves. —It has been 

shown already that 


v=n\ 

or ?;=-W'X4(Z, + c) 
from equation (7) 


r 




L 


If 

v=veiocity. 

n=frequency. 

= wave-length. 


or d=?ix2(Zj—Z j). 
from equation (8) 


If velocity at tlie rocm temperature- be known tbe 

frequency of the tuning ferk can be determined from the 
above equations. 

Eaperimeni 67\- To determine («) the velocity of sound 
ir moist air (6) the frequency of a tuning fork and (c) the^ 
end correction^ by the resonance column. 

Aj j.a7atve.—Be&onance tube, a tuning fork, a cushion, 
j f.o, j Jvnr.b line, a set-square and a vernier calipers. 
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Description of Resonance tub©- — H consists of a glass 

tube whose loAver end is 
connected with a water 
reservoir by means of rub¬ 
ber tubing. Tue level of 
water in the tube can be 
changed by moving the 
reservoir up or down along 
a rod. By means of a pinch 
cock the communication of 
water between the tube 
and reservoir can be estab¬ 
lished or broken. 

Method. —Raise the 

level of water to the liighest 
point in the tube by 
raising the reservoir as 
shown in figure 75. Lower 
tne reservoir of water and 
clamp it. Take a tuning 
fork and set it vibrating 
by striking it against a 
rubber cork and place it 
over the oj^en end of the 
tube. By means of the 
pinch-cock bring down the 
level of water in the tub6 
and adjust a position when 
a point of maximum loudness is obtained. Now adjust 
the level of water a little higher than this and again place 
the vibrating tuning fork over the open end of the tube. 
Allow the level of water to fall gradually till we get a 
sharp point. Note the length of air column. Find tlm 
mean of a few observations. 



Fig. 75. 


In the same way, find the second position of resonance 

and find the mean of five or .six observations. 

« 

Try the experiment with two tuning forks of different 
frequencies. 
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Observations : 


Frequency of the tuning forks A, B 
Temperature of the room 

Diameter of the tube in transverse positions 


'C\ 


( 1 ) ..( 2 )... 


No. of 

observat ions 


open end 


First Resonance. 


Mean=:.cms. 


Second Hesonaaco 


Waten 
level. 


Resonance 

column 

cms. 


Water 

level. 


cms. 


Resonance 

column 

('»)_ 

cms. 



Mean 


Mean=s 


per sec 


Calculations and Results. 

End correction=!-3 Kdiameter=c cms. (say). 

1. Velocity. Let velocity at room temperature 

j6C • 

* 


«• 


— V cms. 


(a) From first resonance position 

v = nxx 

=4n{Z +c) cms. per sec. from equation (7) 

iK\ T? X *01 metres per sec. 

( ) -trom 1st and 2nd resonance positions 

v^nxx 

=2w.(Z^_/j) from equation (8). 

—2w(Z,—?i)metres per sec. 

2. For end-correetion, use the formula, 

C = (Wl) 

2 2 -* 
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Frequency n can be similarly determined if velocity 
at room temperature be known. 

Precautions-. 1. The tube and the scale kept vertical, 
and set squares used for taking readings. 

2. Reading at the water level taken at the lower 
surface, by keeping eyes at the same level. 

3. Three readings each for the column taken, when 
increasing the length and when decreasing it. 

4. Temperature of the room recorded and the velocity 
at 0®C calculated as given below. 

5. Velocity is expressed in metres per second. When 
calculating frequency, velocity ks expressed in cms. per 

second. 

(j. The length of the tube should be at least three- 

fourth the wave-length of the note emitted by 

fork. For this purpose tuning forks of frequencies 480 ana 

512 are generally used. 

(1) Velocity of sound at 0°C. 

Velocity of sound at 0*^0 is calculated from that at the 
room temperature thus :— 

r or 

t,=Vo+61x« (1) f-velocity in cms. at temp. <“C. 

Equation (1) is applicable only when the room tempera" 
ture is not very high. Eor high temperatures the following 
formula should be applied ; 


4 





T 

T 


0 


^ Where ] 4 -^ ^ 

I T=temperature of room on absomiie' r 

scale. 

TQ=teinp. corresponding to O^C, 


or 


^0 V 


273+/ fWhere 


273 


5= temp, of room in 




or V 


^o( ^+273^0 
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=ro ^ 1+g^Xy (approximately). 

Correction for 1*C is 

= ^ r^f^ = l'0"C 

546^ L^^o=33I metres per sec. 

_33100 

-54^' (nearly) 



tllC Tfttio -— 

d 


(2) Change in atmospheric pressure does not change the 
velocity of sound. For in 

yP ^ v^velocity. 

d y=ratio of specific heats of a gas 

. ^constant, 
j P=preasure. 

I d—density. 

constant (Boyle’s Law). ^ 

A (3) Presence of moisture in the air increases the velocity 
but not to an appreciable extent to be taken note of. 

Exercise Compare the frequencies of two tuninci^ 
forks. ° 


ains 


[Hint. With the help of one of the two tuning forks 
by^t ^®f6rmine the wave length of the note produced 


A.A —2(/j-Zj) where /j and are the lengths of the two 
resonance columns. 

Similarly find Alt for the note produced by the second 
tuning fork. 

Ab =2(1 j Z'j) \\here I'l and i'j are the lengths of the two 
positions of resonance. Frequencies are inversely proper- 
tional to the wave lengths. 


LIGHT 

GENERAL DIRECTIONS TO BE OBSERVED 

IN OPTICAL EXPERIMENTS 

1. Neat work is needed in graphical experiments on light. 
The student should, therefore, be particularly careful cf his 
pencil "which should be well sharpened. As far as possible, 
use a hard drawing pencil. 

2. A drawing board should be used wherever needed. 
The paper should be fixed to the drawing board and not to 
the w^orking table with drawing pins. 

3. In photometric experiments when comparing two 
sources of different colours, ignore the difference in colour,^ 
and judge the two shadows by their depth. 

4. In pin experiments while fixing pins see that the 
distance between two pins is not less than 10 cms. Draw 
email circles round the pin holes before removing the pins, 
and draw lines accurately through the pin holes. 

5. See that no part of the apparatus is shaky. The 
uprights to be used in experiments on focal lengths should 
nob be shaky. 

6. In experiments on the determination of focal 
- lengths of mirrors and lenses, find index correctiotis rathei 

than index errors. This saves lot of botheration. 

7. Before commencing experiments on parallax, try 
to understand clearly what is meant by parallax. Whil^ 
Irving to remove parallax, the image and the pin locating 
it should be in a line and their tips should touch each other* 
The eye should be moved sideways when the pins are vertical 
and up and down when the pins are horizontal. 

Remember that out of the two objects that which moves 
in the direction of the eye is farther of the tM^o. 

8. While determining the focal length of a lens or a 
mirror by the method of parallax, the eye should be placed 
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at least 30 cms, behind the needle with which image is being 
located. It must not be placed close to it. 

9. Graphs should be drawn whenever possible. The 
following graphs are very important : — 

(a) Graph showing tiie relation between Sin i and Sin r 
lor a rectangular glass block. 

(b) Graph showing the relation between angles of inci¬ 
dence and angles of deviation for a prism, and determination 
of the angle of minimum deviation from the graph. 

(c) Graph showing the relation between v and r and 
betAveen - and - for a concave mirror and the determina- 

u V 

tion of focal length of the miri’or from the graph. 

{d) Graph showing the same relation as mentioned 
above in c for a convex lens. 

11). Make liberal u.se of logarithmic tables 
tions. 


for calcula- 


CHAPTER XIX 

PHOTOMETRY 

Photometry is the measurement or comparison ol 
iliuminating powers of different sources of light. 

Intensity of illumination is the amount of light received 
per unit area of a surface placed perpendicular to the rays 
of light in one second. 

Illuminating power or luminosity of a source is the 
total amount of light that it emits in unit time. 

The Law of Inverse Squares— The intensity of illumina¬ 
tion of a point source of light varies inversely as the square 
of the distance of the surface from the source. 



where I is the intensity of illumination, L illuminating 
power of the soiirce, and d the distance of the source from 
the surface. 

Standard Candlfe.— It is a sperm candle, J inch in dia¬ 
meter, Jth of a pound in weight, and burns at the rate of 
120 grains per hour. 

It is the unit in terms of which illuminating power is 
measured. 

When we say that an Osram lamp is of 32 candle power, 
all that we mean by it is that it provides as much light as 
is emitted by 32 standard can^fles. 

The efficiency of a lamp is the ratio of its candle power 
to the enei gy consumed by it in unit time. The energy 
consumed is measured in watts. 

The Principle underlying Photometry. —In order to 
compare the illuminating powers of two sources of light* 
we should adjust the distance of the two sources from f 
screen such that these produce the same intensity of illunii-^ 
nation of it. The distance of each source from the given' 
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surface is measured. Let and L 2 represent the illumi¬ 
nating powers of two sources and and the distances of 
the two sources from tlie screen where these produce the 
same intensity of illumination. 



Li L, 

• - . or —— — - - 

U d.?' 

The, ilhiminating powers of two sources of light are directly 
proportional to the squar*^s of their distarices from the given 
surface at which they produce the same intensity of 
nation. 

Photometers are instruments by which we compare the 
illuminating powers of two sources of light. 

Different types of photometers. —(a) Rumford (6) Bun¬ 
sen’s Grease spot ^c) Paraffin Block. 

Measurement of intensity of Ulumination. -The intensity 
of illumination is expresseil in terms of foot-candles. 

A foot candle is the illumination produced on a surface 
at a distance of one foot by a standard candle. 

Candle power 
Distance squared (ft.) 

Thus a lamp of 16 C.P. will produce at a distance of 
2 ft. an illumination equal to 16/4=4 foot candles. A lamp 
of 50 C. P. will produce at a distance of 5 feet an illumina¬ 
tion of 50/25=s2 foot-candles. 

Foot-candle Meter. —It is an instrument for measuring 
the intensity of illumination directly. 


Illumination (foot candles) = 


It consists of a row of 
translucent spots which are 
illuminated by an electric 
lamp that is within the 
ease at one end. Below each 
spot the intensity iu terms 
of foot-candles is given. In 
order to be sure that tlio 
lamp burns at the same 
intensity, the instrument 
is provided with a rheostat 
in series with a battery. 



vocfif/re/f 


Fig. 76. 
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and a volhneUr for measuring the voltage supplied to thfe 
lamp. Thus in order to measure the illumination of a 
surface, adjust the rheostat until the voltmeter shows that 
the lamp is getting the required voltage, and then out of the 
row of 1 1 an.'^lucent spots select that particular spot which 
is of the same brightness as the given surface whose 
illumination is to be determined. The intensity of illumina¬ 
tion below the spot is then read from the instrument. 

One modern foot candle meter consists of a photo-elec¬ 
tric cell and a galvanometer. The light is allowed to fall 
on the photo-electric cell and a current of electricit}' is pro¬ 
duced which is directly proportional to the quantity ol light 
falling on the cell. The scale of the galvanometer is calibra- 
ed so as to read in foot-candles. In order to cover high an 
low ranges of the intensity of illumination, there are two or 
three scales attached to the instrument. 

Experiineni o-S.—To compare the illuminating powers 
of two sources of light by means of Rumford’s shadow 
photometer. 

Ap>paraius~ V\\\mUn<Yii photometer two electric lamp* 
of different candle ])ower, a metre-stick. 

Method.— Riimford's photometer consists of a rod m 
front of a ground glass screen. 

Place the tv<i sources of light at different 
from the screen and let the two shadows of the , 
side by side and keeping the distance of one source xe > 
adjust the other till the tAvo shadoAvs are of equal cep 



Fig. 77. 


The 


• Each source casts a shadow of the rod on the 

shadow cast by Lj is illuminated bj ^4 shadows 

cast by L, is illuminated by Lj. When the two 
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are of equal depth, tiie intensity' of illumination is the same. 
Always look at the shadows from behind the ground glass 
screen. Let be the distance of and the distance of 
^ Lj from the groxind-glass screen, then 

■ 

By changing the distance of the source Lj adjust 
tjie distance of the source Lg so that the intensity of 
illumination becomes the same. Make a few trials in 
this way. 

Record thus : — 


cc 

C 

O 

c 

. a 
c > 

X 


Distance of Distance of Lg 
from sciecn from screen 


L 1 _ 


d 


L 

O 

8 . 

L_ 

Precautions—. If the two sources are of different 

colours, ignore the colours and judge the shadows by their 
depth. 

Tile distance should always be measured from the 
screen and not from the rod. 

T if experiment should be tried in a darkroom. 

In the absence of such a room select the darkest part of 
the laboratory for such work. 

Smirces of error ;—If a dark room be not available, 
1 will be difficult to take accurate observations due to 
extra light falling on the screen. 

Note, (a) If out of the two sources one be a standard 
candle, the luminosity of the other source can be expressed 
in terms of candle power. 
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Let Lj be a standard caudle, then L 

{b) If a ready-made photometer be not available place 
a retort stand in front of a screen. ^ 

Grease-spot Photometer ;—Grease-spot photometer 

consists of a white paper screen 
in the centre of which is a grease- 
spot which transmits light freely. 
The best form of the grease-spot 

photometer is shown in Fig. 

The two mirrors and wtj 

enable us to see the two sides oi 
the grease-spot at the same time. 
The photometer is placed between 
the two sources to be com- 
Fig. 78. pared . If the screen is illumina¬ 

ted more on one side than on the other, there appears on ^ 
that side a dark spot in the centre of a bright surface, an 
on the other side a bright spot in the centre of a dark sur¬ 
face. If both the sides are equally illuminated, the spo 

disappears or at least appears equally bright from c 
sides. 

Experiment 59 .— To compare the illuminating power 
of two sources of light by Bunsen’s grease spot photometer. 

Apparatus. —Bunsen*s grease spot photometer, the t^' 
sources of light (two electric lamps of different can 
power), a metre-stick. 

Method. —Place the two electric lamps on opposite 
■side of the grease spot and adjust tlieir distances i 

ir 




Fig. 79. 
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you see that that two sides of the grease spot are equally 
bright. The mirror will enable you to see the two sides 
of the grease spot simultaneously and judge when both 
are equally bright. Measure the distance of each source 
from the grease spot. Let and be the distances of the 
two sources from the ijrease spot. 

Take a few readings and record thus 


^ Distance of Lj Distance of Lg ; 

"c *5 from the spot, from the spot. 

. ' I 








i 




mean = 


Experiment 60,—To verify the law of inverse squares 
with the help of a photometer. 

Apparatus, Grease spot photometer, candles, metre rod 

Method.- Place a candle on one side of the grease spot 
photometer and a holder containing two candles on its other 
side. Keeping the single candle at a fixed distance, adjust 
the distance of the two candles so that the grease spot 
appears equally bright from both sides Measure the dis¬ 
tances of the sources from the grease spot accurately. 
Repeat the observation. Again try the experiment by 
using three candles instead of two and then four candles 
and so on, while there is a single candle on the other side 
of the grease spot. 

Let Lj and Lg stand for the luminosities of the sources 
and and dg their respective distances from the grease spot 












Compare the ratios L^/Lg and If these are equal, 

the law of inverse squares is proved. 


Since the two sides of the grease spot are equally illumi¬ 
nated, so the intensity of illumination Lj/d^- due to one 
source must be equal to the intensity of illumination 
due to other source or 

In this case, the ratio Lj/Lg is known. If L^/Lg is equal 
to 2, then d^jd^^ must be equal to 2; if L^/L, is equal to 3, 

then dj^^jd^^ must be equal to 3 and so on. 

Paraffin Block Photometer. It consists of two blocks of 
paraffin each one inch square and one fourth of an inch in 
thickness with a tin-foil partition between the two. The 
two blocks are enclosed in a box the sides and front of 


which are removed. 
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Fig. 81. 

In order to use this photometer, place the two sources 
as shown in the diagram and adjust their distances till the 
blocks appear equally bright. 

Exercises 


(1) Compare the illuminating powers of two sources by 
using paraffin block photometer. 

(2) Verify the law of inverse squares by using paraffin 
block photometer. 



























CHAPTER XX 

LAWS OF REFLECTION OP LIGHT 


Reflection of light. --When light falls on a surface, a part 
of it is reflected, regularly, a part of it is scattered, a part of 
it is absorbed, and a part of it is refracted. The nature of 
the surface and the angle of incidence together determine 
the proportion of the various parts. 

Laws of reflection of light : — 

(i) The angle of incidence is equal to the angle of re¬ 
flection. 

(h) The incident ray, the reflected ray and the normal 
at the point of incidence lie in the same plane viz.j the 
plane perpendicular to the reflecting surface. 

Ex^periment 61.—(a) To prove the laws of reflection of 
light. 

(6) To prove that the image is as far behind the mirror 
as the object is in front of i(. 


Apparatus .—A strip of mirror, a cork \vith a vertical slit 
to hold the mirror, a drawing board, pins, metre rod, pro¬ 
tractor, set squre, drawing pins. 


*5- 


Method I.—Fi 

I ' \ > 

I ' ' 'v 

A' - 30 
i AT 


Fig. 82. 


Fix a sheet of paper to a drawing board with 

drawing pins. Fix the mirror 
in a piece of cork and place it 
vertically upon the sheet of 
paper. Trace out the bound¬ 
ary of the mirror. If it is 
, appreciably thick, there will 

- T he a certain amount of refrac- 

r X. tion of light on entering and 

' \ leaving the glass. In order to 

\ counteract this defect, draw a 

\ \ line ST at a distance of one^ 

, V third the thickness of glass- 

' from the back surface and 

82. treat this line as the actual 

reflecting surface. If the mirror 


LAWS OF BEFLECTION OF LIGHT 


207 


is thin, its back silvered surface may be placed on the line 
drawn on the paper. Take a point P in front of the line at 
some distance from it, and draw a number of lines from it 
f to meet the line ST in the points K, L and M respectively. 
These lines represent the directions of the incident rays. 
Place the mirror back on the paper in a vertical position. 
Pix a pin at P and move another pin from one* incident ray 
to the other. Trace the reflected ray corresponding to each 
incident ray by fixing pins at D and E in a line with the 
images of P and A, and at F and G in a line with the images 
of P and B, and at H and X in a line with the images ot P 
and C. See that in no case the distance between two pins 
is less than 8 or 9 cms. After removing the mirror and tho 
pins, mark the direction of the reflected rays, which wilt 
meet the line ST in the same points in which the incident 
rays are meeting. At the points K, L and M draw normals. 
Measure the angles of incidence and of reflection and tabu¬ 
la late them. 

Produce the reflected rays backwards by dotted lines. 
The point Q where the reflected rays meet is the virtual 
image of the point P. Join the points P and Q by a straight 
line cutting ST in N. Measure the lengths of the lines NQ 
<and NP and the angles PNT and QNT. 

Itecord thus :— 


f. 


No. of 

Angle ' 

obser¬ 

, of inci¬ 

vations 

1 

dence 

1 j 

i 

1. 

1 ’* " * r 

1 

1 

1 

2. 

! 

3. 


4. 

1 

1 

5. 

1 


I 

Angle of Length ] Length j 
reflec- i of i of 

tion ' PN I QN 





Z.PNT 


Z.QNT 


y 


{ - 
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Method II. Place a pin P in front of a plane vertical 

mirror. Looking along 
yTi some direction SR, 

pins at R and S so that 
/ ' \ these are in a line with 

/ I the image of P. Simi- 

' larly looking along the 

M * L I _^ direction S'R' fix pins at 

~7\ /\~. ^ R' and S' so that these 

\ / are in a line Avith the 

/ \r If \ image of P. Remove the 

/ \ / \ draw a small 

/ \ / \ , circle rpund each point 

Jo ^5 from which a pin is taken 

^ Join the points R and S 

Fig. 83, as Avell as R' and S' by 

fine lines drawn with a 

1 chisle(? pencil. Produce the lines backwards and le 


Fig. 83, as Avell as R' and S' by 

fine lines drawn with a 

well chisle3 pencil. Produce the lines backwards and le 
them intersect at the point Q. Then Q is the image of P. 

Join Q and P by a straight line cutting the line XY 
which is the actual reflecting surface in *L. Measure 
and PL and the angles which QL and PL make Avith XY. 
It w ill be found that QL==PL and that the line QP is per¬ 
pendicular to XY. 

Join the point P to the points M and N respectively. At 
the points M and N draw normals and measure the angles 
of incidence and reflection. 


Repeat your observations. 
Record thus .— 


* / ' -'** / 
>/V; ^ r f 


I 

Angle of Angle of Distance 
Nc. of inci- I reflec- of object 


obs. 


inci¬ 

dence 


tion 


PL 


Distance 
of image 

QL 


Anele PLX 
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Precautions: 1. The bases of the pins and not their 
heads should be in a straight line. 

2. The distance between two pins should not be less 
than 8 cms. 


3. The actual reflecting surface is at a distance of one- 
third the thickness of glass from the back face, when the 
mirror is thick. 


4. Draw small circles round the pin-pricks before 
removing them and draw lines accurately through the pin¬ 
pricks with a well sharpened pencil. 

r». The mirror should be placed vertically on the sheet 
of paper. 

6. The rays should be sufficiently inclined to the 

mirror. 


Sources ol error. (1) The mirror may not be plane. 
The presence of more than one reflecting surface causes con¬ 
fusion. 


(2) The illuminated bodies may not 
sharp boundary. 

Experiment To prove that when a : 
through a certara angle, the reflected ray 
twice that angle. 


be having a 


Irror is turned 
aoves through 


Apparatus .—Same as in the previous experiment. 

Method.— Fix a sheet of paper to a drawing board, and 


draw two lines AB and CD 
on it as shown in Fig. 84. 
Measure the angle $ be¬ 
tween the two lines, which 
is the angle through which 
the mirror turns. Draw 
the line EK, and let it 
stand for the incident ray 
in the two positions of the 
mirror. Fix pins at E and 
F vertically on the line EK. 
Place the mirror on AB, and 
flx pins at G and H such that 
images of E and P. 
looking through it 



Fig. 84. 

these are in a line with the 
Next place the mirror on CD, and by 
fix pins at L and M in a line with the 


iin 
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images of E and F. Keinove- the mirror, and draw a small 
eircle round each point from which the pin is removed, 
Mark the direction of the reflected rays by joining the 
points H and G and M and L by straight lines, which on 
being produced will meet at the point K. Measure the 
angle HKM between the two reflected rays. It will be seen 
that the angle HKM is double of angle AKC. 

Repeat your observations with different angles between 
the positions of the mirror. 

Record thus : — 


No. of 
obser¬ 
vations. 


Angle through 
which the 
mirror turns {^) 


Angle through 
which the 
reflected ray 


moves. 


I Correct 

value Error 
of 



Pr^c(iniions.— Same> as in the previous experiment. 

Parallax 

'^ake a pencil in your hand and keep it in froiit of one 
of the bars of a window, so that the pencil hides the bar. 
Close one of your eyes, and move the other to the right and 
left. You will notice that there will be produced relative 
shift betw^een the two objects. The relative shift ihu& 
produced is known as parallax. It will be noticed that the 
far off o6fecF will move in the direction of eye wherea^ 
fhfi near object will move in a direction opposite to that of 
fhe eye There is parallax between the two objects. But 
when the two objects lie in one plane and one above the 
other, no relative motion will occur as the eye is moved. 
viz., parallax wiU disappear. . 

The fallowing experiment is very irustructtve in lUustrai^ng 

the meaning of parallax. 
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Draw a thick black line on cardboard and divide it 
into two equal parts with a pair of sharp scissors. Pin the 
two cards to a drawing board which is clamped vertically, 
so that the two thick lines X and Y are in one straight 
line. Standing at some distance away from the two surfaces, 
you will notice that in this position of the two halves of 
the cardboard, there is no parallax. 





Fig. 85. 


Now pin the two cards so that the upper piece, is a. 
short distance in front of the lower piece, as is evident'from 
the figure. In this position you will notice that there is 
j>aruliax between the lines X and Y. The line X will move 
in the direction of the eye. Tiie angle of displacement sub¬ 
tended at the eye of the observer is the angle of parallax 

Thus when the two objects are in one plane and one 
above the other, there is no parallax between them. 

The method of parallax enables us to locate the position 
of image. 


Experiment 6*5.—To find the position of virtual image 
of an object formed by a plane mirror by the method of 
parallax. 

Apparatus.— mirror, set square, a metre rod, 
drawing board, paper, pins, drawing pins, a hard drawing 
pencil. 
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Method I. Place the mirror on the paper which is 
pinned to the drawing board and let LM be the actually 
xeflecting surface (marked as explained before). Fix a pin 
at A in front of the mirror. Take a tall pin B and fix it 
behind the mirror so that there is no parallax between the 

f projecting part of the pin above 

the edge of the mirror and the 
reflected image of the pin at A. Let 
B represent the position of the 
search pin. 

Locate in the same way the 
images of the pins at C and E. 
Remove the mirror and the pins 
after drawing small circles round 
the pin pricks. Join the point A 
to B, and the point C to D, and 
the point E to F. Measure the 
angles which these lines make with 
LM and the distance of the object 
and the image from LM in each 

Fig. 86 case. 



/./ 


Record thus : 



I 


No. of . Distance of 
obser- , object from 
vations j LM 


Distance of 
image from 


LM 


Angle between the 
line joining image 
to object and the 
line LM 



4. 


Method II —The position of the image can be located »n 
inotfe/uay! ' Keniove silver from the middle portion of the 
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mirror so that a slit is formed. Fix a pin at A in front ot 
the mirror and move another pin B behind the mirror such 
that there is no parallax between the pin B a.s seen through 
the unsilvered portion of glass, and the image of A as seet: 
in the silvered portion. 

Exercises 

(1) Place two strips of plane mirror verticallv on ;l 
sheet of paper, with their reflecting surfaces inclined at 
12()°. Fix a pin vertically at an 3 ^ point between the mirror. 
Locate the images. 

(2) An object remains fixed in front of a plane mirror 
while the mirror is displaced parallel to its first position 
through a distance of o ems. Proee that the image will 
move through a distance of 6 cms. 

(3) Place two mirrors facing and parallel to one another, 
and about three inches apart. Insert a pin between the 
mirrors and about one inch from one of them. Find the 
position of the successive images by the method of parallax. 

(4) Trace the path of a ray of light as reflected from 
a mirror corresjiondiiig to an angle of incidence equal to 

Measure the angle of deviation. 

( 6 ) Place two mirrors inclined at an angle of 60® to 
each other. Trace the path of a ray of light which suffers 
two reflections. Measure the angle of deviation. 

( 6 ) Place two mirrors inclined to each other at an an¬ 
gle of 90" and trace all the images that you see. 

(7) Show that the deviation of a ray of light which 
suffers two successive reflections from two plane mirrors 
inclined at a certain angle is independent of the aiiiile of 
incidence. 
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Refraction of light.—Light travels in a straight line in 
a homogeneous medium. But when a ray of light enters a 
second medium of different density, it is bent. The bent 
ray of light is called refracted ray, and the phenomenon is 
spoken of as refraction of light. If a normal be drawn at 
the point of incidence to the surface of separation between 
two media, the angle between the incident ray and normal 
is the angle of incidence and that between the refracted ray 
and normal is the angle of refraction. 

Laws of refraction of light. 

^ (I) The ratio of the sine of the angle of incidence to 

the sine of the angle of refraction is a constant quantity 
for any two given media for light of a given colour. 

If { and r were to denote respectively the angles of 
incidence and refraction, then 


• 9 

(constant). This constant is known as Index 

sin r 

of refraction or refractive index of the second medium with 
respect to the first. 

(II) The incident ray, the refracted ray and normal 
to the surface at the point of incidence lie in one plane. 

Table of Refractive Indices. 

Glass 

Water 1’33 

Carbon Bisulphide 1*63 

Diamond 2*42 

EyperijneniG4.—*To verify the laws of refraction and to 

determine the index of refraction (m) of glass. 

Glass block, metre rod, a pair of compas¬ 
ses, pins. ])aper. drawing board. , , , , , ^ 

Method —Place a rectangular block of glass on the 
paper and trace out its boundary with a well pointed draw¬ 
draw a normal through it. Draw the lines BA, CA, and DA 
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converging to A. Put the l>lov*< back in the previous posi¬ 
tion and fix pins at B and K on the line BA. Lookini! 
through the opposite face of the block, stick pins at P, aiin 
so that the four pins appear in a line. In >I»e sanii' ’ 
fix pins at P. and Q, so that these appear to be in line with 
the images of the pins at 0 and L on the line and 1^ 

and Q 3 appear in a lino with the images of the pin< it I> 

and M on the l-ne DA. 



Fig. 87. 

Remove the block anil draw lines joining PiQi, P^Qi^ 
and P 3 Q 3 and produce them to meet the near edge of the 
block, join the points so obtained to the point A so as to 
get the path of refracted rays. 

With A as centre draw as large a circle as possible and 
from the points of intersection of the circle with the incident 
and refracted rays (produced if necessary) draw perpe.ndi- 
; culars to the normal through A. 
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III the case of ray BKP^Qj 

Sin i Sin BA« 


ix= 


Sin r 


'Sin DjAtc 


Cj« DjW 

CiA 


D^n 


, since C,A=DjA 


being the radii of the same circle. 

Measure the lengths C\n, CgW, C^n, I)^n, B.n and D; 


CjW 


C^n 


C 71 

and calculate the ratios^ , The ratios so 

DjTi DjjTi D3W 

obtained will be found to be equal and the value so obtained 
will be the refractive index of glass. 

Let d stand for the lengths of the perpendiculars 
CgW, C 3 W and for the lengths of the perpendiculars DjW, 

DoW. BgW. 

Measure the angles of incidence and refraction with a 

protractor, and find out their sines from the tables. Deter- 

• « 

SlTl 

mine the ratio ^ for each ray. They will be the same and 

sin r 

d 

equal to ^ * 

• ^ 

Record thus :— 


No. of 
observa¬ 
tions. 


i r I Sin i 


d 

dJ 


Mean M 




5. 
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Since the ratio of the sine of the angle of incidence to 
the sine of the angle of refraction remains constant, so 
the first law is verified. 

Moreover the incident rays, the refracted rays and 
the normal, all lie on the same paper, so they lie in the 
same plane. 

Draw a graph between Sin i and Sin r and find the 
refractive index of the given substance from the graph [The 
graph in this case is a straight line passing through the 
origin. In the equation Sin if Sin r, let sin i be equal 
to y, sin r equal to x and p equal to m, then yjx^m or 

ma*, which is the equation of the straight line passing 
through the origin.] 

Precautions ;—1. Same as in other pin experiments. 

2. Very small or very large angles should be avoided. 

Experiment To prove that for a given angle of 
. incidence the displacement of a ray after passing through 

^ a rectangular glass slab is proportional to thickness. 

# 

Rectangular glass slab, pins, paper, draw¬ 
ing board, metre rod, set square, protractor. 

Method. —Place the rectangular glass slab on the paj^er 
which is pinned to the drawing board, 
and trace its boundary with a sharp 
pencil. At any point N draw the 
normal MN and with the normal 
make the angle PNM equal to the 
given angle (say On the inci¬ 

dent ray PN fix pins at P and Q. 

Looking through the opposite face 
of the slab, fix pins at R and 8 such 
that these are in a line with the images 

4 of P and Q, / 

/ 

4 

After drawing small circles round 
the pin holes remove the pins and 
draw lines accurately through the 
pin holes. Join the points N and N' ' 
where the incident and the emergent 
rays meet the two surfaces respectively. 
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Fig. H9. 


distance between the dotted line and R8. 


The line NN' is the refracted 
rav. Produce the incident 
ray downward by dotted line. 
The incident ray and the emergent 
)'ay will be found to be parallel 
to each other. Measure the 
perpendicular distance d betAveen 
the two rays, and the thicknes.s 
i of the glass slab. Find the ratio 
of the two. Keeping the angle 
of incidence constant, use the 
other two thicknesses and t.> 
respectively, and find the displace¬ 
ments d, and rf.,. Find the ratios 
djf^ and djt^. "The ratio displace- 
ment to thickness in all the three 
cases will be found to be constant. 
The line dj is not shown in the 
figure, but it is the perpendicular 


Record thus : 


Angle 

of 

incidence i 


Thickness Displacement 


Displacement 

Thickness 


t cms. d cms. 


I ^ , I d, 

t, cms, ; dj cms. ; 


/ 

I 

cms. d- cms. 



Trv the experiment with some other angle of incidence 
and prove that displacement is proportional to thickness. 
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(1) Finfi the refractive index of water by tracing the 
course of rays with pins through a hollow cubical vefisel 
containing the given liquid, 

^ (2) With the help of semicircular glass slab determine 

the refractive index of glass. Dra>y a graph showing the 
relation between sin i and sin r. 

[Hints —After drawing n circle, draw two diameters 
at right angles to one another. Place 
the semicircular disc with its centre 
<;'oinciding with the point P. Let PA 
be an incident ray with pins at P and 
A respectively. Looking through the 
curved side of the disc fix a pin at 
Q in a line with the images of P and 
A. Tn this case the refracted and 
emergent rays both coincide. One pin 
J at Q is sufficient to mark the position 
^ of the refracted ray. Join P to Q so 
a.s to get the position of the refracted ray, and produce it 
to meet the circumference of the circle. Measure the angles 
of incidence and refraction. Find the refracted rays corres¬ 
ponding to a number of other incident rays. Find thfe sines 
of the angles of incidence and refraction and calculate the 
refractive index of the material of the slab. 

Plot a graph between sin i and sin r. 

Show that for a given thickness, the displacement is 
proportional to the sine of the angle of incidence when a ray 
of light passes through a regtaiigular glass slab. 

Experiment determine the refractive index of ( 2 ) 

glass and (n) wateiC^by measuring its apparent depth. 

Apparatus.—A rectangular glass slab, a beaker contain¬ 
ing water, a piece of black paper, a needle, a metre—stick, 
two knitting needles, a drawing board, a sheet of paper and 
a retort stand with a clamp. 

Method.- (1) Glass. —Fix a paper on a drawing board 

and draw a line on it. Place the glass .slab with the tall end 
«p over the line. Clamp a needle horizontally in a stand, 
^nd on looking from above remove parallax between the 
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image of the line and the 
needle. This will be the 

case when the needle has been 
adjusted where the image of the 
line is formed. With the help of 
two knitting needles find the 
distance between the top of glass 
slab and the needle, and then 
measure the distance between the 
tips of the knitting needles on 
a metre stick. This Avill give 
Fig. 91. the apparent thickness of glass 

slab Find the real thickness 

of glass slab. Apparent thickness is deduced indirectly by 
subtracting from the real thickness AB, the distance AC 
through which the object appears to have risen. 
Refractive index of glass is equal to the ratio,, 
real depth/apparent depth. By putting different edges of 
the slab on the line, repeat the experiment. 
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(2) Wator.—Take a beaker or a tall jar containing water 
and drop a pin in it which will serve as an object. Take a 
\ needle and clamp it horizontally in a stand and by moving 
f it up and down remove parallax between it and the image 

of the pin as seen from above through water. Measure the 

real depth, and the apparent depth. Calculate the ratio, 

Teal depth/appareiit depth. This will be the refractive index 
of water. 

Record your observations in a tabular form as shown 
above. -- 

Precautions :-I, Keep the adjustable needle hori¬ 
zontal, 

2. Use a thick layer of water, and the taller side of the 
glass slab 

3. \ iew the image of the line or pin normally. 

Sources of error The methoa of measuring thickness 
Or depth is not quite accurate. 

^ Experiment To determine the refractive index of 
-water by removing parallax between the reflected image of the 
needle and the refracted image of the object. 

Apparatus, clamp stand, a needle, black 
paper, knitting needles, a pui and a metre scale. 

Method.— Take a beaker containing water and place it 
on a black paper lying on a table. Drop a pin in it to serve 
as an object. Clamp a needle horizontally and place it 
above the surface of water. Look into water from above 
and you will see two images of the needle —a distinct image 
formed on account of reflection ® 

and a faint image due to refrac¬ 
tion from the glass bottom of 
beaker. Concentrate upon the 
first image which is distinct and 
"4 ignore the other one. By moving 
the needle up and down remove 
parallax between its reflected 
image and the refracted image of 
the pin in water.Measure the dis¬ 
tance AB with the help of two 
knitting needles. It will give the Fig. 92. 

apparent distance. By the law'a 
of reflection of light the distance 
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AB is equal to the distance BO- Measure the actual depth 
of water. The refractive index of water will be equal to the 
actual depth of water divided by the apparent depth. 

Record your observations as follows : — 


No. of 
Obs. 


Actual depth of 
water (^) 


Apparent depth 
of water (d) 



% 



Mean value offor water==r 


precautions :—Same as in the last experiment. 







CHAPTEK XXH 

REFRACTION THROUGH A PRISM 

uX ;.ir 

‘.KSr.r.‘ni .“5 “<* 2: 

R6lations in the case of a prism 

deviation+Angle ^ of 

through the * '■^'^ Jigtfc 

the incident ra 3 ', EF the 

refracted ra^- and FG the /f 

emergent ray. X 

Let A=angle of prism, v-<^ ^ 

— angle of incidence D= 
angle of deviation, and I, = 
angle of emergence, r.= ^ 

angle of refraction at the L _.A 

first surface and ro=angle B ~ *C 

of incidence at the second Wic oo 

surface. ^*o- 


tz 


/r. 




Fig. 93. 


-. the figure AEOF is a cyclic quadrilateral “ 

•'* Z.-^4-Z.t^=2 rt, 

“^^ 2 +Z.^=2 rt. /^ 3 . [being angles of tli»* 

••• Z.A-f-zO^Xr,+ Zr.+ XO 

or XA=4r,+ ^r,. 

Substitute the value of (f,+r,) in (») 

•’• ^=H+*2—A 

or • 


...(«> 
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(2) // D be the angle of minimum d-eviation, then 

sin ^ (A-f D) 
sin i A ■ 

Proof In the position of minimum deviation 


Let 


rj-=r.> and — 
r^=f 2 =?* and — i 

[Proved] 


22 =A + D or 1 = 


A + D 


[Proved] 


2r=A or r 


A 


sin i* . A - 1 -D/ . A 
/*=- sin —^ sm 

sin f 2 2 


Experiment 68 ,— To trace the.course of rays through a 
-prism and (z) to prove the relation ii + i 2 =A-hD and [ii) to 
plot a graph between angles of incidence and angles of 
deviation, and to find the angle of minimum deviation from 
the curve and to calculate the refractive index for glass. 

Appn'Tdtna, —Prism, pins, drawing board, paper, drawing 
pins, metre scale, protractor, set squares. 

Method. —Take a sheet of paper and pin it to ' the 
drawing board. Draw a number of lines P^, Po, Pg, P 4 , P 5 , 
Pg, so that the angle between any two rays is 5°. Place a 
prism and adjust its position so that the extreme pins can 
be seen when looked at through the face AC. Trace the 
boundary of the prism with a pointed pencil. Fix a pin at 
P and another at 1 and looking through the face AC of the ^ 
prism, sticic pins at 1 , 1 so that these appear to be in a line 
with the images of PI. Remove all the pins excepting P 
after marking the pin pricks and lettering them properly,Now 
fix a pin at 2 and trace the refracted ray, by a pair of pins 
2 2 corresponding to the incident ray P 2. Again remove 
ail the pins excepting P after marking their positions 

accurately and labelling them. Proceed in the same way 

with the other rays. Complete the diagram. 
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Measure the angles between the incident rays anrl 
face AB, and between the emergent rays and the face Ar 
of the prism. Subtract each angle from 90» and thus obt^n 
the angles of incidence and emergence respecJiyeTy 
Measure the obtuse angles between tlie incident aL 

gent rays. The supplements of these will give the anv?^ f 
deviation. Measure the angle A of prism.^ '"igloa of 


Tabulate the angles as shown below ; 



^ o 


Angles of | Angles of I Angles of 
incidence emergence ’ deviation 




D + A 






de vision Ek t hriowx^t “n incidence and angles of 

co-ordiTiat«<. point on the curve and find the 

o ordmates of this point. The angle of deviation thus 
lound IS the angle cf minimum deviation. 
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J= 

. o 4i 


«•■■■■•■■■■■■■■■■■■■ 

at^aaMBaaaMaaaaaa 

BksraaaBuaaBaaaaaBBa 

■■.■ ■■ ■BBgaBpBBBBBBBB 

MUBaSaBaaBMBBBaaaB 

BBiaaiiBBBBaBBBaaaBB 

aaliailBBBBBBBBaBBBa 

aaBiiBaaBBBaaaaBBBaaa 

BaBktBBBBaaBBBaaaBBBB 

EaaaBBaBaaBaBBBBBBBB 

l"*MiSnHaBBaSSaBSai 

jaSMVaMBaaaaaaBBaBBi 

MBaBnMaiaaaBaaBBBi 

nBBBtii BB a iaBBBa BB aa I 

laft'BaBBBBBBBaBBBBl 
laaaaBBaaBBBaaaBBi 
jaaiiBaEBBaaBBaaBBi 
iBaaa-BaaaaBaaaBBBii 
iHBfi.aKaaBaaBBBBE 
raaBBiiBaaaBBBBBBBBi 

ir.^aaBBBBBBBBl 
iBlABaBBBaBBBai 



aaaaa; 

aBaaa 


laaaaBBBBBBBaBBi 

liiiKfiH-wmuiBKSSBBSSnBi 

i::H::iK:8SR::raHB888::s::i 

iBaaaBBBaBBBaaiaMBiaBBBBBaBBai 
iBBaBBaBBaaaBBBBiEaiBaaBBBaaaai 
iBBBBBBiaaaaBBBaBBaBBaaBBBaaaai 

laaaBBaEBBBaBBBBBBaaaaiBaBBBBBi 


iBBaataBBB 




iBBBaaaBaBaaaBBBB 
IBBBaHBBaBBBaaBB 
laBaBBaaBBBBBBBBBB 
laaiBBBBaBBBaBaHB 



o 




Rmmmmmmmmmmmmmmmmmm 

mmnmmmxtmmmmmmmmmm 

mBmnmmmvmmmmmmmmmm 

■■■MaMaHvaaBBBVSflB 

bbbbbbbbbbjbbbbbbbbb 

BBBBBVBBIlBiUBBBBBBB 

BBBBflBBBgBBVBBBBBBBB 

mmmmmmmmWmwTtmmmmmmmm 



:six 


laaflBBBBaBBBBfBBBaBainaaBaBaa 
lapiBBBBaaEaM BaEiBBaEBBaBaaa 

IBEaBBBaBBBBBaaaBBaBBBBBaBBBBi 

iBaBBBiaaBaBBBBBai 


iBBBBBBaaaBBBBBBBB 
laEBBBBBa.iBaaaaBBa 
l■aBaaBBBk 1 BBBaBBaa 

IS«:B58 


IBBBBBaaBBBBBBBBBBBBBaBBBB 

tBiBBBBBBaBBaBaaaaaaaBa bbb 


BaB«iBaBBBaaaaaaBBBBa Baaaaaa 


bO 


IBflBBBB ■ VB«f BBBBBB 
iMBBBflBIBVBBBBBB 

mmMmBmmmmmmmmmmm 

mmmmmmmmmmvmmmmm 


.35 




BBBBBIB 

BBBaiBB 


BBlBBBBf^BBBBBBBBBli 

BBB^BBB 

mmr.mmmm 

S Kmmmmm 
mmmmmm 


BB^^BBBBBBBBBBBBI 


:s» 8 s 

S8585 


mmmmmmmmmmmmmmmmmmmmmmm\ 
mmmmmmmmmmmmmmmmmmmmmmml 
mmmmmw^.Mmmmmmmmmmmmmmmmmmmmmmmmmm\ 
i«SBn5ai?gMiiBaaaBaaBBBBBBflBBBBBBBBBB 

~ mmmmmmmmmmmmmmmmmmmmmmmrnmm 
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BBBaaaaaBBaaaBBBBBBaairBBBi 


40 


45 


50 


55 


60 


65 


Angl(^^ oi ineideiioe. 

Fig. 95. 

ralotilatf* the refractive index oi the inateriaJ ul the 
jripm hy ^^nhstituting tlie vahtes of T> iiiid A in the fornnila 

sin 

M=”—-. 

sin JA 

rtiere D the angle of minimum -levintion, and A the 
ngle of prism. 

•WrtTP' -ni A good graph fora 00" prism is obtained 

angle, of =*■". «’• «"■ 

.nd 60® reppeetitrely. .... 
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(2) As the incident rays are crowded on the face AB. so 

it will be a great help if a line is drawn parallel to A B and 

the corresponding angles are measured instead of the anc^les 
themselves, ’’ 

^ An * A * -J ^ A mine the angle of minimum 

deviation and to find the refractive index of the material of 
the given prism. 

-Prism, pins, drawing board, drawing pins 

papi.r. card-board, scissors, ni dre scale, protractoi- set- 
sqnares. ^ 

Method.— Cut a piece ot eard-board havint^ a 
en.l, so that it will serve as a table for the prism'’ 

Jo rotate^ Fix a drawing pin in the revolving 
•table and hx the pri^ on it with beeswax Fix 
two pins vertically at P and Q and let the pin 
P be well illuminated. Looking through AC 
you will see a colowred image of the pin P. Now 
begin to rotate the prism table and watch the 

movement of the coloured pin. If it moves toward 

he base, the deviation is decreasinii' and if it 
moves away from the base the deviation is 
moreasing. Continue to rotate the prism causf.r.r Vi' 
coloured image of the pin P to move towarfs the S Wbde 


poiutcfl 







■“ Pig. 97. 

the dotted line shows the direction fn - ’ ' ’ ’ ‘agiam 
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iuid Q, appear as seen through AC and the tuli arrovY 
the direction in which the dotted line moves, when devia- 
1 i'jn decreases, the dotted arrow shows when the dotted 
line begin.s to go back. Now turn the card-borad table a ^ 
little further and then in the opposite direction. The colo¬ 
ured image of the pin w ill begin to move towards the base 
and will then become stationary. Rotating the prism-table 
little more, the image will begin to move back again. M^k 
the position of the pointed end ol the card-board at Fj. 
Now divide the distance between Fj and Fj into equal 
halves and let F be the point of division. Place the pointed 
end of the card-board at F and mark the direotion ol the 
emergent ray by fixing pins at R and S in a line with F 
and Q. With the help of a set-square mark the position 
of the prism by marking the points A, Band C. Remove 
the prism, the prism-table and the pins after drawing small 
circles round the pin-pricks. Draw the necessary lines and 
by producing the incident and emergent rays, measure the . 
angle of minimum deviation. Repeat this experiment three 
or four times, drawing a separate diagram each time. Measure 
the angle of the prism from its outline by using a protractor. 

With the help of the formula ^ 

l efractive index of the material of the prism. 

Record thus :— 
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Prec .'MiiOTW.—1. The ey.ruers of the prism siiouh] be out 
«iHe the revolving eaniboard table. 

the on-iS ‘"'"t luotion of distant pin. and iu,,rk 

the pobition when the image first begins to turn back, 

vations. '^’fferent obsor- 

4. See that the prism is well fixed to the cardbo-.r,! 
piece and that rotation takes place about the a.xis of the pin, 

*'*rface of sepa¬ 
ration between two media of which the lower one is deiv 
86r as compared to the upper oue 
(Fig. 98). Let u.s suppose that 
light is coming from an object 
which is in the denser medium. 

There is a particuJar angle of inci 
donee as sh^wn in the fjt/ure 
corresponding to which th(^ re-' 
fracted ray grazes along the sur- 
face AB. This particuJar angle 
01 incidence (C) is called critical 
angle. By determining the critical 




SO 




QlHSl MCO/U^ 


Fig. 98. 


angle, we can determine the refractive index of the medium 
from the relation .sin 0= ’ . When a ray of light strikes the_ 

surface at an angle greater than the critical angle, it is re 

fleeted back in the .«ame medium according to the laws of 

internal reflection, as the whole of the light is reflLted a?d 

none of it sufFers refraetion. '="ecie(i ana 

refleclerinTpilsmT'^” ‘‘^ht totally 

Kquafe7“mSe“r ‘ 

squares, metre-stick, protractor. 

pri.«m so that its apex is towards 
on the 1 boundary 

normal to the face .4B • ■many 
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Looking tlirough AC fix pins At 
G and H in a line with the images 
of P and Q as formed by reflection in 
the face BC of the prism. Kemove 
the prism and the pins and draw the 
lines PQ and HG meeting the faces 
in L and M respectively. The ray 
py enters the prism at L and 
leaves it at M being totally reflected 
at F. To find the point F draw 
Li) perpendicular to BO* and produce 
it to E making DE equal to LD. 
Joiji the points E and M by a 
straight line v\iiicii will cut BC at F. Join L to F. LFlM 



Fig. 99. 


represents the path of the ray totally reflected in the prism. 
The ray PQ is refracted along LF. As LF strikes BC at an 
angle greater than the critical angle for glas.s, so total refle<*- 
tion takes place and light is reflected along FM. 


Draw a normal at the point F, and measure tiio angle.-) 
LFj\ and MFN. Are thej' equal ? If so, wh\' < 

Repeat the expciimoU three times. 


Record thus : 


0 



Precautions.-The same as in othec pin experiments. 


Experiment 71 -To find the critical angle for glass and air 
and to calculate the refractive index of glass. 

' Apparatus.- Glass prism, pins, drawing board, metre rod. 


#ind set- 





j 


.1 
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Method.— Place the prism with its apex towards you on 

tlie paper which is Hxed to the drawing board, and mark ita 
boundary with a pointed pencil. Fix a pin at F, right on 
the boundary line AC near about its middle a.s’ shown in 

iig. 100. Placing your eye a little towards the right of B 

egin moving it touard.s 0 till you see the reflected image 
ot the pin P. Continue to move the eye, the pin will become 
laint and will then disappear. 

Fix pins at R arul S in (‘ontinuat- 
ion of the faint image of the pin P. 

Remove the prism and the pin, 
and draw a small circle round 
each point from which a pin is 
taken. Join RS by a straight 
line and produce it to meet the 
face CB in E. At P draw PQ 
perpendicular to AB and pro¬ 
duce it to N making QN equal to 
PQ. Join the point N to V] by 
a straight line cutting AB in M. 

Join PM and at M draw MB 
perpendicular to AB, Measure Fig. 100 , 

the angles PML and EML which muU be found to be equal 
to one another, and each one of them will be equal to the 
erilical angle. Make a few more trials and find the mean 
value for the critical angle, 

Eind the sine of the critical angle. 

Oakulate the refractive index for glass from the relation 

^ ” silT'C* 

Name as in other pin experiments. 

Bxerelses 



( 1 ) 'f'lace the course of a ray totally reflected 

oi -lass and find the refractive index of glass. 


in a enue 


[Hinia ,—^Put an ink 
block, and fix a pin A in 
that ^0 is 30® \o 36®, 


dot B on oiK^ of the faces of the 
contact with the- glass surface so 
Looking along the direction DC 
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fix ]»ins at C and X) so lliat 
are in a line with the images of A 
and B. Join the pin pricks C and 
D by a fine line which on being 
produced will cut the surface at E. 
Join the point E to B, Then ABE 
is the path of the totally reflected 
ray in the glass block Draw a 
norma] at B and measure tire 
angles ABL and EBL. These 
Fig. 101. will be equal. Draw a normal 

at E and measure the angles 
NED and BEM and the ratio of the sines of these angles 
be the refractive index of glass. 

• Second Method .—This experiment can also be tried i;i 


C. 



\ 



another way. Trace the boundary of the block and dx 
nins at P and Q to mark the -direction of the incident ray 
pnd looking through BC fix pins at R and S in a line with 
the images of P and Q. Join PQ and produce it to meet 

XTt at L and let BS meet BC at K. Produce LA to M 
making Vequal to AL. Join MK cutting AB at ^ Draw 
ON perpeSicular to AB. Measure the angles LON and 

NOK. Are they equal ? 
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(2) Plot u curve showing the relationship between the 

angles of emergence and incidence for a ray passing through 
a given prism. 

(3) Using a hollow glass prism, determine the refractive 
index of water. 

ti, 1 ‘otractive index of glass by determining 

the critical angle with a semicircular glass block. 

(5) You are supplied with prism and two convex lenses 
and a candle or some other source of light ; arrange them 
so as to get a pure spectrum on a screen. Draw the dia¬ 
gram of tlie arrangement in your note book. 


CHAPTER XXIII 


SPHERICAL MIRRORS 

m nor \\Zt T7"''? a concave mirror, (n) a convex 

th/ o/nt silvered surface of the mirror is towards 

mi^ro^ ^ ^'he centre, it is a convex 

tnirr^r*^f“'*‘°”® :--(iJ'h’he centre of the sphere of wliich the' 

? 9 , curvature of the mirror. - 

i rri^^ middle point of the mirror is its pole 

(d) The radius of the sphere of which the mirror forms a 
part 13 its radius of curvature. 

(4) The line passing through the pole and the centre of 
curvature is the principal axis. Any other line pa.ssing 
through the centre of curvature is the secondary axis. 

(5) A number of incident rays parallel to the axis after 
being reflected from the surface of the mirror converge to a 
point or appear to diverge from a point. This point is called 

the principal focus. 

(6) The diameter of the boundary of the mirrior is its 

aperture, 

(7) The distance between the focus and the pole of the 
mirror is its focal length 

The focal length of spherical mirror Is half of the radius 
of curvature. 


Convention of signs, (l) All distances are measured from 
the pole of the mirror. 

(2) Distances measured to real objects and real images 
are reckoned 'positive, and those measured to virtual ojects 
or images are reckoned negative. 

Thus the focal length of a concave mirror is positive and 
that of a convex mirror is negative. 

The focal length of the mirror /, the distance of the 
object from the mirror u and the distance of the image from 
file mirror v are connected with each other by the relation 


SPHERICAL mirrors 


2 . 


35 ^ 


tlir disiaiintiS u. 


V 


i_^1 1 

~ u ^ V ’ 

and / being taken with their proper aigii.s. 

ft,, i?**^*! Correction. While' dotormining 

I n n mirrors, we must take into aecount what 

18 called the index error. In such experiments, the wire 

“°"nted on their ba.ses, which are 

^itbpr P^'^'tmns Thur we may measure a distanc- 

either more or less than the actual distance. 



Fig. 103. 

In the figure two uprights are shown : one supporting a. 
concave mirror and the other a needle. The index mark on 
the base of one of the uprights is at A and that on the other 
at B. , The observed distance is AB whereas the actual dis¬ 
tance is A B . The diSerence between the observed distance and 
tht actual distance is the index error. 

obser^i d" staVer®''"” " 

fix take a knitting needle, 

ccuLe of th^ make its one end touch the 

sTord end of ‘^ther upright tUl the 

may be Find P‘“> 

may be. Find the distance between the index marka 

on the two uprights. The index correction is equal to 

di.Glance (length of knUting needUy minus the observed distance 
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i^dex marks), and it 7nust be added algebraic 

In experiments, on focal len<:ths determine Index corrtc- 
Hon and not index error, as it will save a lor of botheration. 
Thus if the length of the kiiitt'ng needle he o cms. and 
he distance between the marks (ni the nprighi ' 2U'0 cms., 
the index *-orrcction would be-^l Ocm. If the distance be 
joversed, the index correction would become — l u cm. 

Experiment 72. — To find the focal length of a concave 
mirror, using an illuminated wire gauze as the object. 



Fig. 104. 


Apparatus.~~Cono&ve mirror, screen, caudle, ^cil•e gauze, 
knitting needle, metre rod, uprights, set-squares. 

Method. First determine the focal length of the mirror 
approximately by throwing a clear image of a distant 
object on a screen and measuring the distance between the 
mirror and screen. Mount the mirror, screen, and wire 
gauze illuminated by a candle on different uprights and 
arrange them along a metre—stick. Find index correction 
for the mirror and the gauze uprights, and for the mirror 
and the screen uprights. Place the wire gauze G at a distance 
of about 100 or 120 cms. from the mirror M, and the screen 
near the mirror. By moving the screen backwards and 
forwards try to get a sharp and magnified image of the gauze 

on the screen. . , . r 

Measure the distaneo of the object and the image from 

the mirror, and correct each distance for index correction. 
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Take two more readings by changing the distance of object 
from the mirror. Interchange the positions of imagt; and 
object and by moving tlie mirror a little backwards and 
lorvards get a sharp and magnified image of the wire ganzo 
on the screen. Measure the distance of the image IVoju the 
mirror and the distance ol object from the mirror and corr¬ 
ect eacli distance l»y adding the corresponding index < orrec- 
non to it. Take at least three observations when the 
image is magnified. In this case the wire gauze and not 
the candle should face the mirror and it should be lowered 
whereas the screen should be raised. 

Record your observations thus : 

Approximate focal lengtii = 

Length of knitting needle.(I) 

Observed distance between mirror and wire gauze 

Index correction^. 

Observed distance between screen and mirror,.. fllll 
Index correctionr=(I—Hi), .^ ' 
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Mean cms. 

.ho„M b“St”p;“' the 

2. The axis of the mirror should be parallel to the 

3. Do not make use of unsteady uprights, 

4. Use logarithmic tables for making calculations. 

.x Distances of uprights should be read with the help 

ot set squares. ^ 

Experiment 73 To find the focal length of a concave 
mirror by the parallax method, using il) one needle, (2) two 

fl00(UwS* ^ 

( 1 ) By using one needle 

Jpparatvs.-Concuye minor, needle for removing 
parallax, knitting needle, metre-stick and uprights. 

Method Determine the focal length of concave, mirror 
approximately by throwing a clear image of the object on 
a screen and measuring the distance between the mirror and 
screen. Mount the mirror M and the needle N in uprights 



Fig. lOo. 


and arrange them along a metre stick. Find Ihe index cor- 
reetiojn. Look into the mirror and try to see the image of 
the eye. 
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V 


1>3« 

The line joining the eye and its image is the principal 

Hxis of the mirror. Turn the mirror till this line is parallel 

to the metre rod. Move the needle along the metre rod 

dill yon see an inverted image of the needle N formed in the 

Jmage of the eye and see that the needle and its image ani 

the image of the eye are in a line with the eye. Now bv 

moving the eye sideways try to remove parallax between 

the needle and its inverted image by moving the needle 

backwards and forwards along the* metre rod. In the 

position of no.parallax the needle and its image will not 

separate from one another on moving the eye to the right 

or to the left. The needle N will be at the centre of onr- 

vature of the mirror Measure the distance of the needle 

from the mirror and add the inflex correction to it 

of this distance is the focal length of the mirror. Eemem- 

her that the eye should he placed some 30 cms. behind the 
needle N. 

In certain mirrors it may not be possible to remore 
prallax near peripheral parts due to spherical aberration 

Jn order to overcome- Ehis difficulty, stick a paper on the 

boundary of the mirror having a central groove in it. 

Record your observations thus : 

Approximate focal lengths 

Length of knitting needle= 

Observed distance between mark.s on uprights^ 

Index correction= ^ 


No. 

oUh. 


I^osition 

of 

mirror 


Posit jon 

of 

needle 


I (Radius of [ 
, eurvaturo) j 


j Distance j 
} between j 
f needle andl 


mirror 


Corrected I 
R : 


PocaJ 

iengh 

H 


4 


r 
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% 


the 

( 1 ) 

( 2 ) 
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Mean focal ieugth= 

(2i By using two neodlos : 





Take two needles and mount them on uprights. Place 
needles in front of the mirror and find index correction 
for the mirror and the upright carrying need^ A ano. 
for the mirror and ihe upright carrying needle K. 



Fig. 106. 

■H':ivins made the necessary adjustments as explained 
before remove parallax between the needle A and the 

^maJe of the distant needle B by rnoving B to and fro till 

does not separate from A on moving the eye to 
Its image noticed that in such a position 

*u^”^yalso be no parallax between the needle B and 
Iu®'’-mTeeof the needle A. Measure the di'dance of the 
needle from the mirror and call it «. the d.s- 

S of the image-needle from the mirror and call it i; 

The needle A can be treated as the object^ and B as 
its image or mce uerau. By usnig the formula-= 

calculate the focal length of the ^ 

p.p., flag o„ on. of oth“ noelle. 

She of reading, lor . and . by means of the two 

needles. 


i 


V 


Record thus : 

hi"®"* H duir/e rtwe.” needle A and mirror- 
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correction for the mirror and the needle B~‘up. 


No. of Position Position Correct- 

obser- of of object . ^ 

vations mirror needle of u value 

i needle , of u i 


Value 

of V 


•u I 
o ^ ^ 


C £ 
o ■ 

O C5 
> 


.dj„S“S”1.7',ip “'ouYd'toVoVIl"'"''' “"'"'f “ 

should be no overlapping ^ ^^ere 

theLr,T7S.tS4t 

not i,e " kr* ''»* “<! *»»nM 

5. Use log table for making calculation. 

Exercises 

and « ^ ^ between « 

(2) Plot a graph showing a relation betweeeni^ and — 

ieng’ihofTheliLr^""^"" calculate\he focll 

(3) Find the radius of curvature nf +k 

mirror by two methods. the given concave 

»...rUThi .,rr“n.',r. x o" 

In ■^^P®'‘®^“*-‘“t^o*»cave mirror, two woot^ ^ockV^^M^e 
in a clamp or a retort stand for removing parallax!’ plumb 
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1 

4 


1 

s 


c 


line, metre scale and vernier calipers. ^ 

Method- Allow a concave mirror to rest 

on two wooden blocks. Oldinp 

a needle horizontally, and find 
the position of the centre of 
curvature C of the mirror by 
removing parallax between the 
needle and its inverted image. 
See* that the needle and its- 
image just touch each other at 
the tips. Measure the distance 
CP of the needle from the pole 
P of the mirror by means of 
knitting needles or a long, 
pointer. Eepeat your observa¬ 
tions three or four times and 
find the mean of these read¬ 
ings. Now pour a little quan- 
Fig. 107. tity of water on the mirror so 

as to form a thin layer on it, and by looking from above 
remove parallax between the needle and its image. In 
this case the needle will be brought nearer to the mirror. 

Measure the distance CT with the pointer. 

observations three or four times and find the mean ol thes 
readings for the distance CT. 

CP 

^“CT’ 

Record thus : 




No. of 

observa¬ 

tions 


Distance CP 
without water 


Distance C'P 
with water 




C'P 


Mean 


3 


ft 
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Find the error percentage from the accepted \ alue of /a. 

Precautions. —The layer of water should be thin. 

2. The distance of C'F should be measured from the 
mirror and not from the surface of water. 

3. The mirror should rest horizontally on wooden 
blocks and should be of small radius of curvature. If the 
mirror be of large radius of curvature, the mirror should 
be kept on a low stool. 

4. The eye should be kept at a distance of 25 cms. above 
the needle. 


Sources of error 

(1) It is difficult to adjust the measuring rod at the 

pole of the mirror. ® 

(2) The thickness of the mirror. 

Theory. Let C'A be a lay of light striking the surface 
of water. It is refracted alung AL striking the suiface of 

the mirror at the point B from where reflection takes place. 

In order that an image of an object lying at O' be formed 

at the same place, the ray must strike the surface of the 

mirror riormally, so that light may go back along its own 

path. In other words, the ray BA on being produced back 

curvature of the mirror, 

i^t NN be the normal draivn through the point A. 

Angle of incidenGe=/_C'AN=AC'K 

Angle of refraction^/. ban's® ^^TAC=AOK 

sin i ^ sin /AC'K _AK / AK __ AC 

AC'/ 


p = 


8in f 


AC AC'‘ 


sin /ACK 

.o 0*A "cp Tcfolrc ?,'■ “ '■ "'y “ P. 

CP 

Hence us=- . 

C'P 

It j® very important to remember that the layer of water 
should be thm otherwise our approximation would not hold 

refractive indices of glycerine 
and kerosene oil with a concave mirror ' 


CHAPTER XXIV 

REFRACTION THROUGH LENSES 

A lens is a portion of a refracting medium bounded 
either by two curved surfaces or one curved surface and one 
plane surface. 

Kinds of lenses : —(a) Converging or convex lenses. 

(6) Diverging or concave lenses. 

A convex lens is thick in the contre and thin at the edges 
and causes a narrow parallel beam of light to converge to a 
point called its focus. 

A concave lens is thin at the centre and thick at the edges 
and causes a narrow parallel beam of light to appear to 
diverge from a point called its focus. 

The optical centre of a lens is a fixed point on the princi- 
pal axis such that if a ray of light passes through this 
point, it does not suffer any deviation. 

The principal axis of a lens is the straight line passing 
through the centre of curvature and the optical centre oi 

the lens. 

Convention as to signs. (1) All distances are to be 
measured from the optical centre of lens. 

(2) Distances measured to real objects or images are 
reckoned positive, and distances measured to virtue 
objects or images are reckoned negative. 

• 1 1 1 u 

Formula for lenses. The formula ^ 

‘applied to both convex and concave lenses, provided the 
convention of signs is observed. 

In the case of the convex lens, as we have to <ieal wjth 
real images so i; is a positive distance. Hence for a Convex 

lens; 
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Index correction. Like the spherical mirrors, the dis¬ 
tances u and V have to be corrected in the case of lenses too. 
The method of correction is the same as in the case of 

mirrors. 



Let US first correct the distance u. Take a knitting 

needle, hold it in a universal clamp and arrange it so that 

Its one end touches the lens and the other the needle ser¬ 
ving as an object as shown in the figure. Measure the 
observed distance between the marks B and C on the two up- 
nghts which support the lens and the needle respectively. 
From the actual distance (length of the knitting needle) sub- 

tract the observed distance (the distance hetTveen the marks 
B and C,) 



^georaically. The following example will illustrate the 


Length of the knitting needle=19 0 cms. 

Distances between the marks B and C=20*() cms. 

Index correctionc=19 0—20 0=—1 0 cm. 

If the two distances be reversed, the index correction 
would become 4-10 cm 
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Similarly find index correction for v. 

Thickness of lens. In the case of the double convex lens, 
distances are to be measured from its optical centre. Hence 
we must add half the thickness of th'e double convex lens as 
measured with calipers to the correct values of u and v ^ 
respectively, (2) In the case of the plano-convex lens, the 
distances u and v should be measured from the convex sur¬ 
face. Hence we must add the thickness of the lens to the 
distance measured on its plane side. 

Magnification produced by a lens. The linear magnificat 
lion produced by a lens is the ratio of the size of the image 
to the size of the object. It is equal to the distance of the 
image from the lens divided by the distance of the object 
from the lens, 


Experiment 73. (1) To determine the focal length of the 

given convex lens. 

(2) To measure the magnification produced by the 
given lens and to show that it is equal to the ratio of v to u. 



(3) To draw a graph between u and v, and to find the 
focal length of the lens from the graph. 

Apparatus .—Three uprights, a metre , scale, a convex 
lens, a screen, a knitting needle, a wire gauze, a candle or an 
electric lamp, a pair of dividers. 

Method. —Find the focal length of the given lens appro¬ 
ximately by placing it at some distance from the wall and 
getting a well defined image of some distant object on it. 
The distance of the lens from the wall,will be its focal 
length. 

Find index correction for the gauze and the lens up¬ 
rights, and for the screen and the lens uprights. Place the 
uprights holding the lens between the other two uprights 
one of which carries the screen and the other a wire gauze 
which is illuminated by an electric lamp (frosted type) 
placed behind it. 




« 
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Arrange the three uprights along the edge of the metre 
rod. Get a well defined image of the gauze on the screen. 
Note the position of each upright on the scale, and find the 
values of w and V. By applying index correction, correct 
these distances, and'to each corrected distance add half the 
thickness of the lens. Try the experiment by changing the 
values of w, and adjusting the position of the screen every 
time so as to get a sharp image of the objact on it. Measure* 
u and V in each case, and correct each distance by adding 
index correction to it. Calculate the focal length of the lens 
in each case, and find the mean result. 

Record your ohservationa in a tabular form : 

k 

Length of knitting needle = ‘ ...x cma. 


Observed distance between the lens and the 
gauze uprights when one end of the knitting needle 

touches the gauze and the other the lens ~ ...y oms. 

% 

Index correction for u {^x _y)cnis. 

Observed distance between the lens and the 
screen uprights when one end of the knitting 
needle touches the lens and the other screen— -..z cms. 


Index correction for v 

Thickness of the lens as measured with 
calipers 

Mean 


{x—z) cins. 




cms.« 


» 


0 
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Mean focal length of the lens = . 

(2) In order to determine the magnification produced 
by the given convex lens, get a sharp image of the wire 
gauze on the screen, and with the help of a pair of dividers, 
find the distance covered by 6 or 7 meshes of the gauze and 
of an equal number of meshes in the image. Find also the 
corrected values of u and v. Find the ratio of the size ot 

image to the size of object, and of the distance of image 

from the lens to the distance of object from the lens. Ta e 
a few more observations in this way, and prove that 
of the image divided by the size of the object is equal to 
distance of the image from the lens divided by the distance oj 

the ol^ect from the lens. 
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Record thus : — 


c eg 
> 

O 0) 
02 

O 


I 

» 

Corrected 
value . of ; 

V 

1 

Corrected 
value of 

1 u 

1 

i 

1. 

% 

9 

• 

% 

1 

1 

4 

! 1- 

1 1 

1 

1 ' ^ 

j 

$ 


Take the values of u along the axis of x and the values 

I 

of V along the axis of y, 

and join tne correspond- 

ing points as shown ^ t\ 

the figure. All the lines ^ \ 

will intersect at the same Q \ \ 

point except for experi- uj ^ 

mental errors. Either of ^ ^ 

the co-ordiimtcs of the 5 

point of intersection is 

equal to the focal length I \\\ 

ot the lens. The mean X 

value of the x or y co- VALUES OF 

ordinate of the point of f’ig no 


Uf UzU^ 
mUES QFU 

Eig. 110 


intersection may be tsken as the value of/. 

Precautions. —1. In these experiments the distance of 
the wire gauze from the screen should in no case be less 
than four times the focal length of the lens or there will be 
no image on the screen. 
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The wire-gauze and not the candle or the lamp is the object. 

^ Experiment 76. To find the focal length of a convex lens 
by the method of parallax using (i) two needles (u) one needle. 

Apparatus. Three uprights, metre scale, lens, needles 
for removing parallax, knitting needle, plane mirror, a retort 
stand. ^ 

Method. Two needle method. —Find the focal length of 
the lens approximately by casting, the image of a distant 
object on the screen and measuring the distance between 
the screen and lens. Arrange three uprights along a metre 
scale and let the upright carrying the lens be placed bet¬ 
ween the other two uprights carrying needles. Arrange the 
heights of the needles such that the axis of the lens passes 
through the tips of the needles P and Q and the eye, and it 
should be made parallel to the metre scale. Determine the 
index correction for the uprights carrying the lens and the 
needle P, and also for the uprights carrying the lens and the 
needle Q. Look through the lens and try to see the inverted 
image of the pin Q by placing it away|from the focal length 



of the lens, and adjust the uprights so that the image oi W 
and the pin P come in a line with their tips touching each ^ 
-other. Try to remove parallax between the needle P and 
the inverted image of Q remembering that out of the two 
■objects that which moves in the direction of the eye is the 
farther of the two; If the needle moves in the direction ot 
the eye, move it back, and if the image so moves, move the 
needle forward till parallax is removed. When parallax 
■is completely removed, note the position of each upngn^ 
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•on the scale, and find the values of w and v. By changing 
the values of Uy find the corresponding values of v. Take 
a few trials in this way. 

By applying index correction, the values of ii and v 
shouldube corrected. In case the lens used be thick, add 
half the thickness of the lens as determined with vernier 
calipers to the corrected value of u as well as v. Calculate 
the focal length of the lens by using the formula 

/ V u u^v 

Plot a graph between the values of u and v and calcu¬ 
late from it the value of /. 

Record your observations in the following way ;— 
Length of knitting needle=» 

Observed distance (w) = 

Index correction for {u) = 

Observed distance {tj) = 

Index correction for (v) = 
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• (u) One needle Method 

Method, (a) Place a plane mirror behind the lens and 
parallel to it. Place a needle in front of the lens and 
remove parallax between it and its inverted image as’formed 
by refraction in the lens and reflection in the mirror. The 
tips of the needle and its image should just touch each other 
without overlapping. Measure the distance of the needle 
from the lens and to it add the index correction with its 
proper sign and half the thickness of the lens if it be thick. 
This distance is equal to the focal length of the lens. 



Fig. 112. 

In this case, the rays are reflected back along their own 
path, and, therefore, strike the mirror normally. The rays- 
leave the lens as a parallel beam and therefore come from 
the focus of the lens. 

This method is useful in the case of long focus convex 
lenses. 

Record your observations as follows ;—> 

Length of knitting needless 

Observed di8tance= i 

; I 

t 

Index c<|»rreotion =a 
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i 


t 


No. of 

observations 1 

1 

Position of 
lens 

Position of 
needle 

t 

Distance bet-i x ^ 

ween lens i 
and needle , 

(Focal length)’ 

1 

1 


1 

1 

I 

1 

1 

1 

1 

2 





1 

3 i 

1 1 

1 

1 

1 

4 

1 

1 



(5) This method (one needle) can he improved so as to 
eliminate the thickness of lens. 


T After having removed parallax from one side of the lens 

as explained above, note the position of the upright carrying 
the needle. Without disturbing the lens, move the mirror 
to its other side, and again remove parallax by bringing 
the same needle to this side. Note the position of the 
needle again. The distance between the two positions 

of the needle upright is equal to twice the focal length of 
the lens. Half of this distance is the focal length of the 
' lens, which is automatically corrected for index error 
and thickness of the lens. 


Record your observations thus : 



No. of 
obser¬ 
vations 


Position 
of lens 
(fixed) 


Position 
of needle 
on one side 


Position of 
needle on 
the other 
side. 


Distance 
between 
two posi¬ 
tions (2/) 


/ 
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Precautions: —I, In experiments on parallax the tips of 
image and object should touch and not overlap e^ch other. 

2. The eye should be placed at a distance of 30 cms, 
behind the needle with which the position of the image is 
located. 

3. The axis of the lens should be parallel to the metre 
stick and the various uprights should be at right !angles to 
its length. 

4. Do not make use' of unsteady uprights. 

6. Do not place the needle within the focus of the lens- 
otherwise you will get a virtual and upright image. Always 
remove parallax with a real inverted image of the needle. 

6. For accurate work the thickness of the lens must 
be taken into account. 

7: It is better to find index correction at the end of the- 
experiment. 

8. The mirror should be held quite parallel to the lens^ 

Experiment 77. Jo find the focal length of a concave 
lens by combining it with a convex lens. 

Apparatus —Concave lens, convex lens of suitable focal 
length so that on combining it with the concave lens, the- 
combination behaves as a converging lens, uprights, needles,, 
a knitting needle, metre-stick. 

Method _Find the mean focal length of the convex lens- 

by the parallax method using a plane minor and a needle. 
Call it/j. Now combine the convex lens with the concave 
lens, and find the mean focal length of the combination of 
lenses by the parallax method with the help of a needle' 
and a plane mirror. Let F denote the focal length of the 

combination of lenses. Now ^ = where /g denotes* 

^ Ji jt 

the focal length of the concave lens which can be easily 
calculated by substituting in the formula the values of 
F and/i. 

Experiment 78 .—To find the refractive index of water 
by using a convex lens and a plane mirror. 
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Apparatus .—A convex lens, a plane mirror, a needle for 
removing parallax, knitting needle, a beaker, a plumb line,. 
a metre rod, vernier calipers, spherometer. 

Method. — Place the convex lens on the plane mirror and 
find the position of the focus of the « 
lens by removing parallax between a I 

needle held horizontally above it | 

and its image. Measure the distance |:|L=J n | - 1 

of the needle from the mirror with a j 
plumb line and from it subtract half I 
the thickness of the lens, as measured 1 
Twith calipers. This gives the focal j 
length of the convex lens. Cali it j 

find the mean focal length. I 

Pour a little quantity of water on | 
the mirror and place the convex lens | 
it. The liquid lens so formed is | 
plano-concave whose concave surface Jl 
is in contact with the convex surface 
of the lens and the plane surface in 

contact with mirror. Again remove parallax between the 
needle and its image. Measure the distance of the needle 
from the mirror and subtract half the thickness of the lens 
from this distance. This gives us the local length of the 
combination of liquid concave lens and the convex lens. 
Let this focal length be denoted by F. Take a few trials 
and find the mean focal length. The focal length of the 
liquid lens (/,) can be calculated from the equation 

1 1 1 

^ The liquid lens is a piano concave lens. The curvature 
’ ‘ of the conaeve lens is the same as that of the convex side 
of the convex lens which is in contact with it. Find the 
radius of curvature of the convex lens with a spherometr. 

* r . 

The formula for finding the radius of curvature is "K 

~~~ where ? denotes the distance between the legs of sphere- 
meter. The distance (1) between the legs of the sphero-* 
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meter should be measured carefully as R depends upon the 
square of 1. 

1 ^ 1 

Calculate the refractive index oi water from-y ■= (M—1) ^ 

•/ 2 

■where M is the refractive index of water, and R the 
radius of curvature of the lens. 

Record your observations thus : — 

Thickness of lens = (l) .(2).(3) Mean = czns. 

Distances between the legs of spherometer 

= (1) (2) (3) (4) (5) (6) mean= cms. 

— mean = — cms. 


^ eh^2 


cms. 


No. of 
observa¬ 
tions. 


Focal 
length of 
convex 
lens /j 


Focal 
length 
of combina¬ 
tion 

P 


I 

Focal length of 
liquid lens 

Vi’ fi '' 


=;vi 


J2 



Exercises 


(1) plot a curve showing relationship between the 
ize of an image (I) and its distance from the lens (r). 

(2) Find the focal length of the lens formed by filling 
le given watch glass (a) with water {b) with benzene (c) 
ith toulene. State which of the liquids has the greatest 

fractive index. 
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length can be determined by piaemg 

the watch glas8(suppo3ed thin) containing the .rive,, liquid 

on a plane mirror, and removing parallax between a needle 

and Its inverted image The needle will beat the foms .li¬ 
the liquid lens. The liquid here forms a plano-convex len.s 

‘^nrvature of the convex surface i.s the same as 
that of the concave surface of the watch glas.s. ('„!,-,ilMte 

M from the formula i =(/t_i)l 

/ ' r 

(3) You are supplied with a convex lens, two needles 
mounted on stands, and a metre rod; how would you nrove 
the formula expressing the relation between i In- di.stanc s 
ot ail object and its real ima^e from the lens 
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OPTICAL INSTRUMENTS 

Astronomical Telescope.—It consists of two convex 
lenses (1) an objective or object glass of large focus and large 
aperture, and an eye-piece of small focus and small 
aperture. Tlie objective which is directed tow'ards the dis¬ 
tant object forms a real, and inverted image at its focus. 
The eye piece is placed in such a position that the image 
foimed by the objective is within its focus and, therefore, a- 
1 irtual, upright and magnified image is formed which can be 
brought at the distance of distinct vision. The final image 
IS inverted with respect to the object. If the image formed 
by the object glass is brought at the focus of the eye-piece, 
the final image W’ill be at infinity. 

The length of the astronomical telescope is equal to the 
sum of the local lengths of the 'objective (F) and the eye¬ 
piece (/), when it is normal adjustment, and its magnifying 
pow'er is equal to F//. 

Experiment 79.—To set up the model of astronomical 
telescope. 



Fig. 114. 

Apparatus :A double convex lens of long focal 
length not over 40 cms. to serve as the objective, a double 
eonvex lens of focal length 5 or 12 cms. to serve as tb® ej®' 
piece, a noedle for removing parallax, uprights, a metr 

ficale. 
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Method(a), Focal length of the lenses. 

Take one of the lenses, and mount it in an uprit^ht 

ioeus some distant object on a screen with the help oAhe 

given lens. Measure the distance between the lens and 
the screen and record this focal length. Similarly find the 
focal length of the other lens, and record it. Take the mean 
ot several observations. You can find the focal lein th of 
lenses by one needle method also. 

(6) Uses of the lenses^ n 

3 

Looking through the objective remove parallax betw een 
the inverted image of some bright distant object and a 
needle When the parallax will be removed, the im ige 
of the distant object and the needle will not sepaiato on 
moving the eye to the right and left. 



115. 

°*>.iective focussed, use the eve.piece on the 

,nridfu.ru^ditr“ ‘“•"“““l th. ejlplece 

distinctly through it the image cf the distait obrecr" 

18 how we focus the eye-pieci of a 
of a distant object Measure 
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Rhcu 1(1 your observations as follows : 


Focal length 
of objective 

F 


Focal length 
of eye-piece 

/ 


v+f 









Draw a diagram showing the 
lenses. 


path of rays through the 


(c) MagHifying power of the telescope. 

With one eye look through the telescope at a distant 
scale and with the other eye look at the scale directly. 
The magnified scale as seen through the telescope should 
appear superimposed upon the real scale. Find the number 
of divisions of the scale as seen by the naked eye that 
coincide with one division as seen through the telescope. 
This gives us the magnifying power of the telescope. 

Compare this result with the magnifying power as ob¬ 
tained by dividing the focal length of object glass with the 
focal length of eye-piece. 

Galileo’s Telescope. It consists, like the astronomical 
telescope, of an objective which is a double convex lens 
of long focal length. The eye-piece is a double concave lens 
which is placed between the objective and the image 
formed by it so that the latter may lie within, or for 
normal adjustment at its focus. 

The optical action of the arrangement will be clear 
from the diagram. 
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Fig. 116. 


In the absence ot tiic e^e.})ie( e a real Itnage of the 
dieiaiit object will be formed by the objective at its focus. 
But when the double concave lens is iiuerposecl betv/een the 
objective and its focus, the rays of light are myde to diverge 
and a virtual and upright image of the distant object is 
formed. The function of the cyc-pieee is to magnify the 
image formed by the objective. The magnilied image is 
erect and the telescope is suitable for terrestrial purposes. 


Experiment HO .—^To set up the 

Telescope. 


odel 


of Galileo’s 


Apparatus,—Qonweyi lens of focal length 40 cms. to 
serve as object glass, concave lens of focal length 12 cms. 
to serve as eye-piece, uprights, a needle for removing paral 
lax and a metre scale. 


Method. —Find the focal length of the given lenses. Th(^ 
focal length of concave lens can be determined by combining 



Fig. 117. 

it with a convex leas. Place the convex lens L of long focal 
length in an upright and find its focus by a pin P b- 


remov- 


V 


MODERN PRACTICAL PHYSICS 


tolt'uraph post. Between P and L place the concave Jens so 
that P is at its focus. Remove the pin P and look through 
the concave lens by placing the eye close to it towards the 
objective, you will get an erect image of the distant object. 
By moving the concave lens a little backward or forward 
you can get the best position from where you can get sharp 
images of distant objects. 

This is the principle of Galileo’s telescope. 

Measure the (iistance between the two lense.s and show 
that it is equal to the difference of the focal lengths of the 
objective and the eye-piece. Calculate F/f. 

Draw a diagram showing the path of rays througii tlie 
lenses. 


Tabulate your result as follows :— 


Focal length 

Focal length 
j of eye-piece 


• 

Magnificatior 

of objective 

(F-/) 

1 

F 

F 

i / 

t 

• 

1 

7 

1 

1 

1 

1 

* 

1 

1 

1 

1 

« 

• 

1 

j 

1 ' 

i 

I 

4 

1 



1 

1 

1 

1 

1 

» 

1 

1 

• 


1 

f 

1 

1 


1 

■ 

« 

« 

1 



Reflecting Telescope.— 

A reflecting telescope consists of a concave mirror C 
from which rays of light are reflected, ana these rays would 
converge to a focus in front of it if there were to be no plane 
mirror M But in the presence of the mirror M the rays 
converge to the eye piece consistipt of a double convex lens 
or two plano-convex lenses with their convex surfaces turned 

each other. As this image comes within the focus ot 
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the eye-piece, ao a. virtual, 
upright and magnified 
image of the distant object 
is formed. 

A refiectiiig telescope 
takes many forms but the 
commonest form is shown 
in the diagram. 

The biggest reiiecting 
telescope is at Mount 
Wilson Observatory with 
a reflector 100 inches in 
diameter. 

Advantages of a reflect¬ 
ing telescope over a refract- 
ing one 

(o) There is no chro 
matic effect, (i. c., images 
arc non-coloured). 

(b) By making use of 
a parabolic mirror spherical 
aberration can be entirely 
got rid of (or the images 
arc not distorted). 



Fig. 118. 


Experiment ^7.—To set up the model of a reflecting 
telescope. 

Apparatus : —A concave mirror, a plane mirror, a needle 
and a convex lens. 


Method.— 'Place the concave mirror facing some distant 
object and by moving a paper to and fro along its axis try 
to get the image of the object on it. This gives us the 
position of the focus of the mirror. Note this position. 
Between the concave mirror and its focus place a plane 
mirror inclined to the axis at an angle of 45°. The rays of 
light instead of coming to a focus in front of the mirror are 
reflected downwards and converge in this direction. By 
means of a needle remove parallax between it and the 
Image of the distant object. Now take a convex lens and let 
the needle come within its focus so as to get a virtual, 


upright and magnified image of the needle. 


On removing 
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the needle and looking through the lens, you will get & 
distinct image of the distant object. 

Draw a diagram showing the path of rays through the 
tvlrscope. 

Compound Microscope. —A compound microscojjc runsists 
oi an objective which is a double couvex lens of short focal 
length riif object PQ is placed at a distance slightly 
greater than its local length. The objective forms an 
inverted and magnifjcff image P'Q' of the object. This 
magniiied image is viewed by the eye-piece, which is also a 
double convex lens of short but of comparatively larger focal 
length. The final image is 



Pig. 119. 

As the image formed by the objective is brought within 
the focus of the eye-piece, so a virtual, upright and magnified 
image is pioduced. As the image is highly magnified, so the 
object should be strongly illuminated. The micro.scope ia 
fitted with the mirror which is plane on one side and convex 
on the other for the illumination of the object. For different 
kinds of work different sources of light are used. The total 

magnification produced is equal to (f)x(?) where 

^ is the primary magnification and ^ is the magnification 

produced by the eye-piece. In the primary magnification g i» 
the distance betweeii the objective and the eye-piece and is 
called the optical tube length and F is the focal length of the 
objective. In the magnification produced by eye piece, ^ 
is the focal length of the eye-piece and D is the minimum 
distance of distinct vision which is equal to 25 cms. 

Experiment 82.—To set up the model of compound 
microscope. 

App'iratus .—A convex lens of focal length 3 cms. 
serve as objective, a convex lens of focal length 6 cms. to 
serve as eye-piece, uprights, candle or electric lamp, wire 
aiize. a cardboard screen and a metre scale. _ 
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First method. —Find approximately the focal length of 
each lens. Take a paper and put some letter P on it, fix it 
in an upright and allow the print to rec eive iiglit. Place tlie 
^ print between F and 2F of the short focus h iis of focal 
length 3 cms. A real, inverted and magnified image of the 
object will b(' formed. By using the methocl of parallax, 
locate the image with the help of a needle. Place the second 
Lens so that the needle comes within its focus when the eye is 
placed close to it. Remove the needle. You will be able to 
see a. magnified image of the object. 

Draw a diagram showing the path of rays ihrovgh the 
lenses forming the compound microscope. 

Second method —Find approximately the focal length of 
each lens. Mount one of the lenses of short focal length in 
an upriglit and place a v.iregauze CD illuminattai by an 
electric lamp a little beyond the focus of the lens. Throw a- 
magnified image CD of the gauze on a scream. 



Fig. 120. 

Mount the other lens on the other side of the screen at 
such a distance that the surface of the screen is seen 
distinctly ^vhen the eye is held close to the lens. Now 
remove the screen, and look through the lens. Move the 
eye-piece a little backwards and forwards till you see a 
distinct image of the illuminated wire gauze C"D''. 

This combination of lenses represents a compound 
microKCop*^. _ 




MAGNETISM 

GENERAL DIRECTIONS TO BE OBSERVED IN 

experiments ON MAGNETISM 

(1) Do not allow a bunch of keys, a knife or pieces of 
ion to remain near the place where you are performing vour 
experiments on magnetism, 

+ f demagnetise the magnets by allowing them 

to tall on the ground or on your working table. Use them 

earefully. 

(3) When magnets are not to be used, these must be put 
back in the wooden box with their keepers on. 

The N. pole ol'oue magnet must be opposite to the S. 
poll? of the other. 

(4) Use a wooden stand for suspending a magnet. A 
retort stand will do very well. 

(5) Use a hard drawing pencil for marking the lines of 
force and mark their direction with arrowheads. 

(6) While plotting the magnetic field, fix the paper to 
the board with brass nails or wax. 

(7) Do not disturb the position of the drawing lioard 
while plotting the magnetic field and marking the position 
of neutral points. Draw the boundary of the board with 

■ chalk so as to replace it in the same position in case it is 
disturbed. 

(8) In experiments on deflection magnetomeier, place 
the arms E and W for the end-on position and N and 8 for 
the hroadside^on position. Do not be misled by the zero of 
the circular scale at the time of setting the magnetometer. 
In order to be sure that the magnetometer is set in the 
right position, remember that the axis of the deflecting 
magnet in both cases must be E and W. 
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(9) Tap the compass box of the deflection magneto- 
tueter, at the time of taking a reading. This makes vlie 
needle free if it was sticking before. 


(10) There are various sources of error in detieotion 
experiments and the method of eliminating them has b'^en 
discussed fully in its proper place. 

(11) In order to suspend a magnet, use unspuii silk 
{putt). The trouble with threads of silk or cotton is that 

imder the action of weight these begin to untwist, causing 
a magnet to turn round and round. In the case of a weak 
magi4t, there is every likelihood of its resting in a direction 
other than the magnetic meridian. A suspension is free 
from twist when it has no tendency to turn one way or the 


other. 


(12) A watch near a magnet is likely to be affected. It 
would, therefore, bo better to keep it away from ^he in- 
r Alienee of magnets. 
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4 

f'lELDS AND How TO PLOT 

THEM ; INVESTIGATION OF NEUTRAL POINTS 

®“»P®'*ded, it points in a 
is the N seokin? nnlo^^f?^ ^ points towards the north 

towLdfr^ „”?rr t ‘vsrg‘s"if ”1°'' 

f: STn'’S; f." 

T-o rest in tiic magnetic meridian. 

the magnetic equator.— The iine joinin, 

DerLnd!^ straiglit line which is drawn. 

middle point is the 

magnetic equator or neutral line. 

Fundamentai law regarding attractions and repulsions. - ‘ 

Iho torce of attraction or repulsion between two poles is 

directly proportional to the strength of the two poles and 

inversely proportional to the square of the di.stance between 
them. 


F 


mx^' 

~~W~ 


or F^k 


mxm 

~d^ 


1 

A 


mm > u* 1 V* 

—^ (ConJomb glaw) 


m and m' represent the two pole 
strengths, d the distance between them and k the constant 
of proportionality, ft, is called the permeability of the 
medium which separates the two poles. 

If the medium separating the poles be air, then /i —1 and t 

F— 

' 

Unit pole. When two similar and equal poles one centi¬ 
meter apart in air repel each other with a force of one dyne, 
each is a unit pole. 

Suppose m-m\ d=l cm. and F—1 dyne 


* 

Substituting these values in the formula P= 


mxm 

~S^ 
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H'e get m- = l orr?i = d:l 

We can express the strength ot any other pole m terms 
of unit pole. 

Magnetic field. The region round a magnet ui w'hich 
its influence is experienced is called ffiagtittic fisld. 

Strength of the field. The strength of the field at any 
‘^point is the force experienced by a unit N-pole placed at 
that point. 

The strength of the field is expressed in terms of a unit 
called a gauss. When a unit pole experiences a force of one 
dyne, the strength of the field is a gauss. 

When we say that the field is of strength H, it ^nean^. 
that a unit pole will experience a force of H dynes, and a 
pole of strength m will experience a force equal to m H 
^nes. 

■ Lines of force. A line of force is a curve such that the 
^■'tangent to it at any point represents the direction of the 
field at that point. 

A line of force ca,n also be defined as the path along 
which a unit N pole, if free, would move. 

A magnetic field is represented by lines of force which 
can be traced either with a compass needle or with the help 
- of iron filings. 

Methods of mapping a magnetic field. As already 
mentioned, there are two ways of mapping a magnetic field. 
We can map a field with compass needle which is a short 
magnetic needle enclosed in a brass box, the top and bottom 
* of which are made of glass. This method can be employed 
both in the case of strong as well as weak fields. But the 
second method of tracing the field with the help of iron 
filings can be used in the case of strong field only. The 
\ ' filings become magnets by induction and are arranged along 
”k lines of force. We can get a permanent record of the 
•• magnetic field either by using photographer’s P.O.P. paper 
or a paraffined paper. 

Magnetic moment of a magnet. It is the moment of 
the mechanical couple applied to a magnet in order to keep it 
perpendicular to the lines of force of a field of unit strengths 
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It is geiierally denoted by the letter M. If the pole sireiigU:' 
of a magnet be denoted by m and the distance between the 
two poles by 2/, them M=inx21. 

Remember that the poles of a magnet are not at its- 
ends, but a little distance away from the ends. The distance 
between the two poles is approximately gth of the length 
of the magnet and is known as the magnetic length of the 
magnet. 

Earth’s magnetic field. A magnetic needle which ia 
freely suspended comes to rest in a definite direction under 
the action of the earth’s field. Matters would be much simpli-/ 
tied if we were to imagine a huge magnet buried in 
earth with its poles near the geographical poles and with it& 
S. pole in the northern hemisphere and its N. pole in the 
southern hemisphere. The field due to the earth over a 
certain region may be considered to be uniform. A uniform 
field is one in which the magnitude and direction of force at 
every 'point is the same. It is represented by parallel lines ^ 
of force. The field due to a magnet is non-uniform because ' 
it is very strong near the magnet and weak at other places. 
The following figure show' a uniform field due to the eanh^ 
and a non-uniform field due to a magnet. 



Fig. 121. a Fig. 121. h 

Uniform Field. Non-uniform Field to a magnet.^ 

The earth’s field can be resolved into two components, 
horizontal and vertical. The horizontal component of the 
earth’s field is denoted by H and our apparatus are so 
designed as to be operated only by horizontal compenent.» 
The vertical component is neutralised by the reaclicnj of 

pivots. 
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Neutral Points. —When we j)]ot a field due to a magnet, 
we really map a resultant field compounded ol earth’s field 
and the field due to the magnet. In the vicinity of the 
magnet, its field predominates. There are certajj) places 
where the two fields are equal and opposite. These are neutral 
regions. A compass needle will cease to oscillate or 
that its movements Avill become very slow in such a region. 
If this region be very much narrowed, the centre of the 
region is the neutral point. It is avoided by lines of force. 
A neutral point is that where the field of the magnet is 
balanced exactly by the field due to the earth. It is a point 
of zero intensity. We can find a neutral point roughly with 
the help of the tracing compass. When it is moA^ed about 
the magnet in the sphere of its influence, we come across 

e is no certainty about the flirec- 
tion ol N. pole. Such points are neutral points. These 
points are useful in determining the pole strength and the 

magnetic moment of a magnet. We shall explain later on 
how to determine these quantities. 

“End-on position** of the magnet—A magnet is said to 
be m the “ewd on” position with respect to a point when it is- 
on the axis of the magnet produced. 



Fig. 122, 

The magnet is in the “end-on*^ position with respect to 

the point P whose distance from the centre of the magnet 

IS d and the length of the magnet 2t. Let m denote the 
pole strength of the magnet. 


The resultant force at P 
equal to 


due to the poles of the magnet 


w m 2X 2mdl 2M d 
(rf_;)2-(J_pjr)2-^2^rpp=(5r_^2)2-' ’ 

where M is the magnetic moment of the magnet. 

This is.the accurate formula which should be used for 
determining the force in the “end-on” position. 

But when the distance d is large as compared to the 
length of the magnet, the above formula is reduced to 
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*^Broard-sld6 on” position of the magnet. A mageut is said 

to be in the “broadside-on” position 
with respect to a point when it is on 
the magnetic equator. 

in the diagram the magnet is in 
the ‘broadside-on’ position with respect 
to the point P. 

Let 2Z be the length ot the magnet, 
m its pole strength and d the distance 
of the point P from the middle point 
of the magnetic axis. 

lfi> 

The force at P due to N —/,r— t?'- 
It is a force of repulsion. Let it be 



m 


It is a force of 


represented by PT. 

The force at P, due to S= ,,, . 

attraction. Let it be represented by PQ. 

Since the two forces are equal, therefore, PQ=PT. 

In order to determine the resultant force, draw the 
parallelogram on. the lines PT and PQ. Tlie diagonal PL 
represents the resultant force. 

^8 PLQ and PNS are similar. 

PL NS rPL being the exterior bisector of the 

Langle NPS is parallel to NS. 


f • 


PQ 


Or PL=PQx 


M 


PS 

NS 


m 


X 


21 


2ml 


PS — 






^ -g- where M is the magnetic moment of the 

magnet. 

This is the accurate formula for determining the force 
in the “broadside-on” position. But when the distance d is 
large as compared to the length of the magnet, the formula 

is reduced to — • 

a® 
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Position of a magnet and neutral points : 


(1) When a magnet is placed along the magtieiic 
meridian its N-poIe towards the south, the two iiciitral 
points obtained are on its axis produced. 

Since at a neutral point the fields due to the earth and 
the magnet are equa- and opposite, therefore, H= 

where H is the strength of the earth’s field, which is^fquii\"o 


329 C. G. S. units and is the field due 


to the 


magnet, when it is in the ‘end on’ position. Thus we can 
calculate the magnetic moment of the magnet, and knowincr 
the magnetic moment we can find the pole strength. ” 

(2) When the magnet is placed along the magnetic 

points are obtained on the equatorial line. * 

Since at a neutral point the two fields are equal and 
opposite, therefore .H = ~ ~ 




The value of H being known, M can be calculated 
Knowing M, the pole strength m can be calculated. 

(3) In any other position of the maenet 
rtrength of the magnet is calculated by the application o* 

the law of triangle of forces. Hence the magnetfc momeni 

of the magnet is easily determined. omeni 

map out the earth’s field with a 


Experiment 53.— To i 

tracing compass needle. 

Appamtus.—Tracing compass, drawing board l 

iron pices'Twav f all magnets an, 

iron pieces away from the place where an experiment o- 

ptpe^^orThf performed. Fix ! 

rSate ihf ^ paper, an, 

parallel to the sIHa magnetic needle become 

Mark dots ACT • . G of the paper as shown in figure 124 

Mark dots against the ends of the tracing comoast 

emember that the board is rotated as so to make tl" 
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jitAciiC' parnlk-i tu the side BC oi the paper lor the sake of 
couvtincnce only. Kow .^lide the compas.^ forward so that 
the t?. pole coincides with the second dot that was marked 
against the K. pole ami again niaika third dot against 



the N. pole of the needle. Move the compass in the forward 
direction so that the S. pole of the needle coincides w ith 
the third dot and mark a fourth dot against the N. pole. 
Go on sliding the needle step by step and marking by dots 
the position of the N. pole of the needle at every stage, tilt 
the edge of the paper is reached. Join the different points. 

place the needle at a distance of ^ cm., from the first 
position and again mark a number of dots as explained 
above. Repeat it four or five times. Join the ' points 
along different lines. Mark the direction of the lines by 
arrow-heads. You will find that all the lines will be 
parallel and have the same direction. The positive direc¬ 
tion of the lines of force is from the south towards the 
north. The earth’s field is uniform. A uniform field can be 
represented by parallel lines only. 

Precautions, —1. In such experiments use a hard draw- 
ing pencil which is well chisled. 
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2. Bunch of keys, knives, pieces of iron, etc. must 
be kept away from the place where such e-Xperinients are K 
be tried. 

3. The direction of the lines of force must be shown. 

4. See that the tracing compass is in working order. 

5. The different points should be joined free hand 
drawing. 

Experiment 84. -To msLp the magnetic field by placine 
the magnet along the magnetic meridian with (i) N. Dole 
towards south ; (n) N. pole towards north and to calculate 
the Pole strength and magnetic moment of the maffnet with 
the help of neutral points. 


Apparatus,-Bv&wing board, a sheet of paper 
naiJs, a magnet 3" long, tracing compass. ' 

(1) Magnet along the 
magnetic meridian with N, 

2 )ole towards south. 

Method. - Fix a sheet of 
paper on the drawing board 
with brass nails or wax. 

In order to trace the mag¬ 
netic meridian, keep all 
magnetic substances away. 

Place a compass somewhere 
near the bottom of the 
middle of the sheet of paper. 

Rotate the drawing board 
till the needle is parallel to 
the edge of the paper. Mark 
dots-against the poles of the 
needle. Slide the compass 
forward till the S, pole coin¬ 
cides with second dot and 
mark a third dot against the 
N. pole. Mark a few points 
in this way and join them 
by a line. It will represent 

the earth’s field. Place the edge of magnet alone 
and trace its boundary and mark the 


brass 



Fig. 125. 


this line 
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aucl south poles. The position of the neutral points shoukl 
be estimated M’ith the help of the compass needle so that 
they lie on the paper, before actually tracing the lines 
of force. At the neutral point the needle will point in any 
direction and behave as though it were “dead. ' With the help 
of a piece of chalk trace the boundary of the drawing board 
and see that you do not disturb the board while plotting the 
field and neutral points. Trace the feld with the help of 
compass. Take a number of points along the is des and 
eo'ls of the magnet and place the compass so that its S. pole 
lies on one of these points near the N. pole of the bar 
magnet and mark a dot against the other end of the com¬ 
pass. Move the compass forward so that the S. pole coin¬ 
cides with the previous dot and again make a mark against 
the N. end. Go on doing it till the other end of the magnet 
or the edge of the paper i.s reached. Mark in this way as 
many lines as possible. Mark arrows along the lines. Trace 
lines on both sides of the magnet. In order to mark the 
position of the neutral points find places where the oscilla¬ 
tions of the needle become slow or cease. Mark the field 
about these places. A kind of curvilinear quadrilateral will 
be obtained. Make this quadrilateral as narrow as possible 
and then by placing the compa.ss within the neutral region 
draw a circle round it. In the case under consideration 
there are two neutral points Wj and along the magnetic 


axis. 

In order to dete-miue the magnetic moment of the 
magnet, measure the distance between the two neutral points 

and half of this distance is equal to d ems Let 2^ % 

distance between two poles. At a neutral point the field o 
the earth is equal and oppo.site.to the field due to to e 

magnet. 

Hence - The value of H is 329 C. G. S. 

units. Calculate the magnetic moment M ot the magnet. 

Since M=?n X 21 where m is pole strength, and 2/ the 
distance between the two poles, calculate the pole strengt i 

of the magnet. 

Record j^our observations as follows: 

— _TT = *:I29 Gausis. 




magnetic field of the earth 


— i S 


Distance of 
from the 
middle of 
magnet 

1 

Distance of 
n2 fiom the 
middle of 
magnet 

Mean 

distaucej 

i 

.Ma;;iietic role 

bel-wcon , ,n<nnent streii:itl* 

’"'(2/7 i 

• 1 

, 1 

1 

1 

1 

1 

1 

1 1 

i 

: 


(2) Magnet along the magnetic meridian with X. pole 
towards the north. In this case also, draw a line rejn'esent- 
ing the earth’s held (magnetic meridian) as explained 
before. Place the magnet along this line with its N. Pole 
towards the north and trace its boundary and mark the 
positions of the poles. 


With the help of the tracing compass trace the field and 


Fig, 126, 

iH'Utral points on both sides of the magnet as explained 
before. The neutral points and will be on the equatorial 
line east and west of the magnet. 
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.Mc'Hsiii(' the distance 

.y 

i • 



of each neutra] point from ■he' 
poles of the magnet. Let these 
distances be denoted by 
and respectively and their 
mean by x. 

z=y/WTW 



Fjg, 12/. 

!'hus M can be calculated and from it the pole strength 
w can be calculated from the relation M=mx2/. ” 

Record your observations as follows :— 


H=:*329 Gauss 


1 

Dis¬ 

tance 

i 

j 

Dis tan ce 

1 

1 

1 

4 

4 

1 

1 Dis¬ 
tance 

1 

4 

Distance 

Mean 

dis¬ 

tance 

^ ! 

j 

1 

1 Magnetic I Pole 
moment strength 
M=Ha:^ i (m) 

1 1 

1 i 

1 » 

1 

% 

1 \ 

t 

1 

t 


Precautions. —1. While plotting neutral points, do not 
disturb the position of the board. Draw out its boundary 
with a piece of chalk, and this would enable you to recover 
the position in case the board is disturbed. 

2. When trying to investigate the position of neutral 
points, there is no need of tracing the whole of the field. 
It is always helpful to get an idea of their position with the 
help of the tracing compass. The places where the oscilla¬ 
tions of the needle cease and there is no certainty about 
the direction of the N. Pole, are neutral regions. Plot the 
field round these regions and thus find the neutral points 
without much waste of time. 

o. Mark bv arrows the direction of the lines of force. 

4. Mark both the neutral points. 

5, Lines of force should not cross each other. 
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Experiment 85.—To map the field by placing the magnet 
inclined at an angle of 60 to the magnetic meridian 
and to find the magnetic moment and the pole strength of 
the magnet from the position of the neutral points. 


Apparatus .—Drawing board, a sheet nt paper, brass 
nails, a magnet long, tracing compass, metre-scale, set 
squares, protractor. 


Method.— Fix .sheet of paper on the drawing board 
by means of pins or wax and trace the boundary of the 
board with a piece of chalk. Near the middle of the pape?' 
mark the direction of the earth’s field with the help of 

compass. 
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Draw a line making an angle of 60^^ with it. Place the 
magnet along this line. Trace the boundary of the magnet 
with a hard drawing pencil. With the help of compass trace 
the field and tind the position of the neutral points 
as accurately as yon can. Figure shows such n map with ^ 
two neutral points. 


Let us see next how to calculate the pole strength from 
the knowledge of the neutral points. Join the neutral point 
Wj to the poles of the magnet, as shown in the figure. Pro¬ 
duce the line joining the neutral point to the N, pole of the 
magnet so as to meet the earth’s line of force in the point 
A. Thus the triangle AEC is formed whose sides are denoted 
by a, 6 and c respectively. Measure these sides carefully. 
"Being a triangle of forces, the sides of the triangle represent 
the different forces. The side a represents the force mjd^^ 
where is the distance of the neutral point from the S. pole 
of the magnet ; the side b represents the force mjd^ where d 
is the distance of the neutral point from the N. pole of the 
magnet. The force H is represented by c, the third side of 

the triangle. 


Thus we have a : b c : 






Since - 
m 



adj^ _c 

m ~H* 





5 ^.329xJi’^X- ^ 


Smilarlv —^- = *329xJ-X " 


Find the mean of the two values of m. 


Calculate the two values of w from the second neutral 

point. 

Calculate the magnetic moment M of the magnet from 
the relation M=nix2L 



MAGNETIC FIELD OF THE EARTH 


281 


Record vour observations thus : 


Distance of the 
neutral point 
from the poles 


Sides of the triangle 


Pole Magnetic 
Strength moment 

M 


1st point 


2nd point 

d - 

d ,— 


mean 


mean 


Experiment 86.—To map the held of the magnet with the 
help of iron filings. 

Apparatus. _Bar magnets, iron hliiigs, a thin sheet ol 

glass; a sieve for sprinkling iron filings, and a paraffined 
paper. 

Method. —Place a sheet of thin glass on a magnet or 
magnets and on the sheet of glass place a paraffined paper. 
With the help of a sieve sprinkle iron tilings uniformly 
over the paper. Tap the paper gently, so as to give freedom 
of movement to the filings, which will arrange themselves 
along the lines of force. By this method strong fields can 
be mapped ; therefore lines of force in the immediate neigh¬ 
bourhood of the magnet are well exhibited. Now take a 
burner and pass it lightly over the paper, so as to melt the 
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wax and then allow it to cool. The filings will be embed- 
ded in the wax. Wax could also be melted by means of a 
jet of steam. Thus a permanent record is obtained. 

A permanent record of the field can also de obtained by 
using a photographer’s P. O. P. paper. The filings are 
sprinkled on the paper and theii it is exposed to sunlight. 
Thus impressions are made on the paper. 



Fig. 129. 

The filings are then removed and the image is fixed by 
treating the P. 0. P. paper with chemicals. 

Fig. 129 shows the general arrangement of the lines of 
force over a bar magnet. The lines of force are supposed to 
run from N. pole to 8. pole. 

Exercises 


(1) Place two magnets parallel to each other wi h 
N. poles pointing to the north at a distance apart . 

4 cms. Map out the magnetic field by using a ra g 


ompass. 

(2) Trace the lines of force of a horee-shoe magnet by 
tsing iron filings. 

Place a magnet in the east-west position with the 
!. pole towards the east. Plot the field and mark the posit- 
on^of the neutral points. Calculate the pole strength of th 

lagnet from the neutral points. 







Y 



CHAPTER XXVlJ 

MAGNETOMETER: COMPARISON OF 
MAGNETIC MOMENTS OF MAGNETS, ETC. 

Tangent law.—If there be two fields at right angles I'J 

oiu- anotlier, the direction, of the 
resultant f-n'ce is obtained by the law 
of parallelogram of forces. In the figure 
there are two magnetic fields F and H 
acting at right angrlos to one another, 
the result int force is represented by 

F 

If R makes an angle $ ^vith tlie field H, then g = tan 9 

orF-Htan^. In actual practice, the field ^ is due to 
earth and is called the controlling field and the held I is au 
to the magnet and is called the deflecting field. 

Hence wc huve =Tangent ef the angle 

Hence \u n,iv( field ® 

af deflection. 

The deflecting field can also be produced by means ot an 
electric current. In the tangent galvanometer when the 
needle is deflected out of the magnetic meridian, we can 

apply the tangent law F=H tan P. The value of ^ 

known, the current 0 can be calculated by noting the e- 
flection produced. 


Magnetometer. —It is an instrument by means of which 
we can compare the magnetic moments of two magnets. It 
consists of a compass box which contains a small magnetic 
needle pivoted at the centre and is free to move in a horizont¬ 
al plane. A long aluminium pointer is attached at right 
angles to the needle which moves over the circular scale 
graduated in degrees. Below the scale is a plane mirror 
which helps us to t;^ke readings without the error of paral¬ 
lax. At the time of reading the deflection, see that the 
* pointer hides its own image. On both sides of the compass 
box are two arms which carry scales graduated in millime- 
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ers. The zeros of the scales coincide with the centre of the 
circular scale, where the needle is pivoted. 



Fig. 131. 

A^ustment of the magnetometer. There are two posi¬ 
tions that we have to take into consideration : 

(t) the ^^end [or Tan A) position. 

[ii) the ^'broadside on'^ (or Tan B) position. 

End-on position. —In order to adjust the magnetometer 
for the end-on pc>sition, rotate the instrument till the arms 
point to the E and W position, or that the pointer becomes 
parallel to the arms. The axis of the magnet placed in one 
of the arms of the magnetometer with the object of produc¬ 
ing the deflecting field is east and west. In this position 
the controlling field H due to the earth is perpendicular to 
the deflecting field F due to the magnet. See Fig. 131. 


“Broadside position. In order to adjust the magneto- 
rpi meter for the “broadside-on’* position, ro¬ 

ll , tate the instrument till the arms point 

to the N and S position. The position of 
' I ■ I \\ the deflecting magnet as shown in Fig, 132 
j \\ is such that its axis points east and west, 
j Again in this position the two fields, viz., 

the controlling field (H) and the deflecting 
field (F) are at right angles. The taiiget law 
o—^is again applicable. 

1 y In order to be sure that the magneto- 

'Tj meter has been set in the right position — 

T end-on or “broadside-on’’, remember that 

the axis of the deflecting magnet in both cases 
must point east and west. 

I The “end-on” position is preferred to the 

< I I broadside-on position, since we get a large 

Fig. 132. deflection for the same distance. 
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Magnetometer with four arms. 

Fig. 133. shows a magneto¬ 
meter with four arms, two of 
which point to east and west, 
and the other two to north and 
south. 

Out of the two pairs of 
graduated arms, when one of 
the pairs is adjusted for the 
“end-on’^ position, the magneto¬ 
meter is adjusted for the broad- 
eide-on position automatically 
or vice versa. 

Errors in deflection experi- Fig. 133. 

ments and their correction. 

(а) The needle may not be pivoted at the centre of the 
circular scale. This source of error is eliminated by read¬ 
ing both ends of the pointer. One end reads too high and 
the other too low. The mean of the two readings is the 
correct one. 

(б) The magnet may be irregularly magnetised. This 

error is eliminated by reversing the magnet end for end. 

By taking readings in this way, the error caused by the 
pointer being not perpendicular to the magnetic needle is 
also eliminated. 

(c) The pivot may not be at the zero of the millimeter 
scales. Readings should be taken by placing the magnet at 
an equal distance in the other arm of the magnetometer. 

By observing the precautions mentioned above, the error 
caused by the arms not being exactly towards east and west 
is also removed. At the time of taking a reading, tap the 
compass box gently so as to be sure that the pointer is free 
to move. 

Experiment 87.—To compa,Te the magnetic moments of 
two magnets by the (i) deflection method- (ii) null method by 
placing the magnetometer in the 'end~on^ position. 

Magnetometer, two magnets, set squares 
and a metre-scale. 

(0 Deflection method. 
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Method. Adjust the magnetometer for the “end-on’' 
position as explained above 2 .e.. rotate the frame till the 
arn3s point east and west. In this position the pointer and 
not the magnetic needle will be parallel to the arms. Use 



Fig. 134. 

a half meter stick and a set square to bring the arms as ex¬ 
actly as possible to the east and west direction. Mark the 
middle point of the magnets with a piece of chalk and call 
one of the magnets as A and the other B. It is better to 
mark the boundary of the instrument with a piece of chalk so- 
that in case it is disturbed it can be replaced in its original 
position. 

Place the magnet A in the east arm of the instrument 
with the N. pole facing the needle. Read both ends of the 
pointer (Position I, Fig. 134). Reverse the magnet and note 
deflection again (Position II, Fig. 134). Now place the 
magnet A cn the west arm of the instrument at the same 
distance with N, pole facing the needle. Read both ends of 
the pointer (Position III, Fig. 134). Reverse the magnet, 
and read both ends ol the pointer (Position IV, Fig. 134). 

The mean of eight readings is the correct angle of 
deflection. * 

Let the mean deflection be denoted by &i and the 
magnetic moment of the magnet A hy Mj. 





















MAGNETOMETEi< 


287 


Repeat your observations with the scconcl masncl B by 
placing it at the same distance d whicli is measured from the 
middle of the magnet to the centre of this needle. Let the 
mean of eight observations in this case be denoted by aiuJ 
the magnetic moment of the magnet B by Mg. 


M.^ Q where 21^ stands for the length of 

the first magnet and 21^ for the length of the second magnet. 


tan Ox . 


M 


tan Be 


if I is small as compared to d. 


Theory. The controlling field of the earth H is at ri^ht 
angles to the detiecting field F due to the magnet. The 
tangent law becomes applicable. If were to denote the 
angle of deflection with magnet A, F—H tan Q^, 


But 


Similarly 



F=-, 


H tan ^1 = 
H tan ^ 2 = 


2Mi(Z 

2yL^d 

_ 

Mg 




tan 
tan Bz 


If I is negligibly small as compared with d, then 

2 


“1 




=H tan $x 


H tan $ 


2Mg 

' d^ ~ 

_tan Ox 


Similarly 

Or, A/r 

^ Mj tan 0^ 

Enter your observations thus 

Length of magnet A, 2^^ = 

Length of magnet B, 2Zg— 
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Deflection with 
Magnet in 


arm 


N. pole 
faciniT 
the 
needle 


S. pole 
facing 
the 
needle 


Deflection with 
Magnet in 
W—arm 


N. pole 
facing 
the 
needle 


S. pole 
facing 
the 
needle 


- _•» 




I . 



Repeat the observation by changing the distance though 
keeping it the same for the two magnets A and B. If the 
magnets are short and d is large as compared to the length 
of the'magnet, then 

Ml __ tan^i 

M 2 tan ^3 

Calculations 

Correct formula being used^' 

of 

Taking logarithm of the right band expression we have 

2[iog (i 2 „ 7 ^ 2 )_iog {d^—l 2 -)]-i-(log tan 6 >i-lpg tan 

Suppose that • 

d=50-0 cms. 

2 ^i = 14:'0 cms. 

2 / 0=16 0 cms. 

Mean tfi=46° 

Mean ^2=35° 




Solving 


MAGNETOMETER 

log ^3-3^94 

log ' 

diff. =0*0027 x2j 

-=00054 I 
log tan 46° = *0152 j 
log tan 35'' = i-8452 ! 

Jiff=0T^6 

Antilog=0-1754 
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d- =2500 
= 49 

log 2451=3 3804 

=2500 
- 64 

log 2436 = 3*3867 


1 2 
4 


(m) Null Method. 


on’ position in the same wav as before. 


1-407 

= 1-5 app, , 

A<ljiist the maguetomotei' for the ‘end- 


11 





ni 


VI 




A' 





/V 



_ B 


Fig. 135. 

In this method the two magnets are placed in the two 
arms of the magnetometer simultaneously. Place the 
magnet A in the east arm of the instrument with N pole 
toeing the needle and adjust the distance of the m’aJnet 
« as placed m the west arm so that the needle comes back 

to Its original position. Remember that the poles of both 
the magnets facing the needle should be the same (Posi- 

iZrn;* 1®; ‘distance from the middle of^ 

K M let it be denoted 

t!fthe distance from the middle of magnet B 

be denoted by d. 

Keeping the magnet A in the same arm, reverse it so as to 

d re Let the distance 

bv .Adjust the distance of the magnet B 

Wk positions of its poles till the needle comes 

the distance (i,) from the middle of the maglet to thrcrntre 
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of the needle. Now interchange tiic position.s of magnet."^ A 
and B (Position III, Pig. 13o). Bet the magnet A be placed 
on the west arm of the instrument with the N pole facing the 
needle, and the distance be kept the same aa in the ^ 
previous two cases. Adjust the distance of the magnet B so 
that the needle remains undeflected. Measure do. Now 
interchange the positions of the two poles of the magnet A 
so that 8 pole faces the needle (Position IV, Fig. 135). 
Keeping the distance dj the same adjust the distance of the 
magnet B by reversing the positions of its poles till the 
deflection is the same. Measure d^. Find the mean value 

foi' df Caiculate^^ by using the formula 

where 21^ represents the length of the first magnet and 24 
the length of the second magnet. V 

When and are both very large as compared to the 


lengths of the magnets. 

Ml • 


M 


d 3 
<*2 


Calculate your result by using the accurate formula 
jind with the help of the logarithmic tables. 

Repeat the experiment by changing the distance ii- 
Enter your observations thus : 

Length of magnet A, 2^= 

.. B. 2L= 


. .Distance with ; 

No. of Distance magnet B 

observa- ^s^n^ A i i I 


tions. 




dJ 
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Precautions .— 1, Mark the boundary of the magneto¬ 
meter and level the Instrument. 

2. Mark the middle line of each magnet. 

3. Tap the instrument gently before noting a deflection, 

4-. Try to have deflection between 25® and 45®. 

5. Use a small magnet. 

6 . Set the arms of magnetometer east and west as 
accu^tely as possible. 

7. The distance of the magnet from the needle should 
be large. 


Theory. 

Since the controlling field (H| due to the earth and the 

deflecting field (F) due to the magnet are perpendicular to 
one another, so tan $. 

But F for magnet A = P^Where is half the 

length of the magnet and is the distance of the needlo 
from the middle oj magnet. 


H tan e — 


2Mid, 


Similarly with the other magnet, 

2M^d, 


H tan ^ = 


2 j 2 angle of deflection $ being the sarao 


in both cases. 

If d, and d, have large values as 


then 


M, _ 



compared to and 2,, 


Experiment SS.^To compare the mangnetlc momenta 
of two magnets by (i) deflection method (n) 7tnll method by 
using the broadside on position of the magnetometer. 
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X 


7 


X 


Fig. 136. 

Magnetometer in the Broadside-on 

position 


Apparatus ,—The same as in the previous experiment. 

(1) Defiection method. 

Place the magnetometer 

n n r (| so that the arms point 

' t I —north and south (magne- 
I ( j tic meridian). In this 

I j i position the magnetic 

I i i needle and not the 

\ X yX /V \ pointer becomes parallel 

\X/ \X/ \X/ \X/ to the arms. Place the 

iT ll ^ magnet A along the X. 

arm of the magneto¬ 
meter so that the axis 

^ _ of the deflecting magnet is 

I I ■' ^ along east and west. Give 

—I LJ U Lj ^ magnet A four 

Pig. 136. positions along the two 

Magnetometer in the Broadside-on arms of the magneto- 

position meter as shown in the figure 

keeping the distance the same in all positions. Record your 
observations as in the previous experiment. Find mean of 
eight readings and let it to be denoted by 

Go through the same series of observations with magnet 
B. Let the mean of eight readings in this case be denoted 
by $ 2 ' T^he distance in both cases is kept the same. 

Enter your observations in the same v ay, as in the last 
experiment. 

Theory In the ^broadside-on' position we have again 
two fields at right angles to each other. Hence we have F= 

H tan 

BulF- ,_-f! Ti" 

W + V)- 

and in case dj is large as compared to the length of the 
magnet, l^jd^- will become negligible, 

M 

Fc=^^J=H tan 


ButF= 


i 
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Similarly for the second magnet, F—tan /9, 

then 

tan 

Mj'tan O2 

Note, In case suitable detlections are not obtained by 
placing both the magnets at the same distance, place the two 
magnets at different distances to get reasonable deflections, 
and measure the distances carefully. 

Then with the first magnet, 

F=r I-—tan 

and with the second magnet, 


F=- 


tan e 


or 


tan 0 
tan ^3 



M7~ 


Si h ^ ^ 

M, tan ^ i 5 



Fig. 137. 
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Adjust the magnetometer as before. Place the magnet 
A along the N arm of the instrument and the magnet B along 
the S arm and adjust their distances till the needle remains 
tindefiected. Note the distance of magnet A tindd^of^ 
magnet B. Keeping the distance of magnet A constant, 
find df for magnet B in different positions, as explained m 
the null method of the last experiment. Find the mean oi 

^ 2 * 1 
Enter your observations in the same way, as in the las- 

experiment. 

Ml 


M, 


d * 


Theory. If F denotes the field due to the magnet, H the 
field due to the earth and 9 the angle of deflection, r — 
H tan 9 , since the two fields are perpendicular to one another. 


Ml 


M, 


. = H tan e, and =H tan $ where d, and 

rfj »2 


denote the distances of the needle from the centres of tli® 
magnets whose moments are Mj and Mg respectively. 


« • 


provided the deflection is the same. If 


M 




and are not large as compared to the lengths of the 
magnets, we have 

TT A firsf, magnet and 


F= 


— =H tan 9 for the first 


F= 


M 


Hence 


[d^ r l^) 
M, 


3/2 


= H tan e for the second magnet 


M, 




or 


M, ( d,‘‘+U) 


-f 


( 


Mo' i 

Experiment -To prove the law of Inverse squares 
by using the deflection magnetometer. 

Apparatus. Magnetometer, magnet, metre scale, 


3 ^ u ares. 


-. I "A 
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Method. Set the magnetometer for the ‘eiid-on' position. 
Place the given magnet at some distance in one of the 
arras of the magnetometer and read the deflections ofboih 
ends of the pointer. By placing the magnet in different 
positions along the two arms of the instrument and keep¬ 
ing the distance constant, find the mean of eight readings 
of the deflection. Let this be 

Now set the magnetometer for the ‘broadside-on’ posi¬ 
tion. Keeping the distance the same, find the mean of eight 
observations of the deflection. Let it be 0 <^. 

Find the ratio of tan 0^ fo tan Qy If tan ^,/tan f., is 
equal to 2, the law is proved. 

2M 

Theory. In the *00(1-00' position F,= ai^d in the 

‘broadside-on’ position K.,=: . 

^ 

M and d are the same in both case.s. 


F 


=2. 


F, tan <9, , lau^, , .. 

cut ^ --hene(^ ^ - =2 and this will be true 

^2 tan tan 

onlyif(i2^;2 

Enter your observations thus : 


End-on position 


o 

s 

(0 


E. arm 


W. arm 


N.P. I S.P. I N.P. [ S.P. 
fore- I fore- : fore- j fore¬ 
most most! most! most 


Broadaide-on position 


N. arm 


8. arm 


w - 

(/a 

O 


T3 


O 

c 


I 'V -2 




O 

< 1 . 


T5 

© 

o 


tan f}^ 
tan cn 


5. ' 7. 


4 . 


6 . 


8 . 


Mean 


akc a few more observations. 


V 

1. ! 3. : 5. 

i 


7. 

2. , 4. ’ 6. 

1 1 1 

8. 

Mean O 2 
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Oral questions 

(U Why do we use a small magnetic needle i 

(2) Why do we use a pointer made of aiaminiuui ? 

(3) For determining e why should you take eight 

observations { ^ 

(4) Why IS a plane mirror plaoed below the pointer ? 

. (1) Null method is more accurate than the 

deflection method. 

,w, ‘End-on’ position is preferable to ‘broadside-on’ 

position because in the former case the field is twice that 

m the latter case Bigger deflections are obtained in the 
lirst ease than in the second case 

Exercises. 

. ^ graph between the distance of a magnet and 

tangent o. the angle of deflection in the ‘end-on’ position. 

{2) Plot a curve between jg and tan ff in the ‘end-on’ 

position of the magnet with respect to the magnetometer. 

(.3) Gi\en H=:-329, find the magnetic moment of the 
given magnet . or Irom the known value of the magnetic 
moment of the magnet, find H with the help of deflection 
magnetometer. 

[Hini. Adjust the magnetometer for the 'end on’ position. 
iiy placing the magnet at some distanee from the needle 
note the deflection produced. 

F—H tan 0 and F= 

• 


tan^ = 

l.his formula enables us to calculate magintic moment and 
from the known value ol M we can calculate H,] 

(4) Compare the earth’s horizontal field at tw^o places 
by using the deflection magnetometer. 

[Hint, Let and Hj be the intensities of the earth’s 
field at two places. 




- = H tan 0 or M = — 



magnetometer 


29T 


With the help of magnetometer placed at the Srst plac*e, 
finci the deflection produced by a magnet placed at a known 
distance from the centre of the needle. Let be the mean 
of eight readings. Then move the instrument to the other 
place, and again find the deflection produced by the same 
magnet placed at the same distance from the centre of the 
needle. Let mean of eight readings. 


2M 


—Hj tan and 


2M 


=H 2 tan ^ 2 - 


tan tan 


H, _ tan 0^ 

H 2 tan 


This experiment can also be tried by keeping the deflec¬ 
tion same. 


• J • 

(5) Take two knitting needles and magnetise them. 
Compare their magnetic moments by using the deflection 
magnetometer. Hammer one of them gently, and again 
compare their magnetic moinemts. 


(6) Pioi a graph between and cot Q by using the 
deflection magnetometer. 




CHAPTER XXVII 

METHOD OF OSCILLATIONS 

Conajiarison of magnetic moments of magnets and of the 

strength of magnetic fields. 

. When a magnet of magnetic moment M is allowed to 
Vibrate in a magnetic field of intensity H. the period of 


J 


K is a constant that depends upon the mass and dimensions 

of the magnet. It is called the moment of Inertia, of the 
magnet. 

For a rectangular bar magnet K —where I and 

b are the length and the breadth of the magnet respectively, 
and w the mass of the magnet. 

For a cylindrical magnet, K=to ^,-*>4- where d is the 

\12 16 / 

diameter of the magnet which can be measured with vernier 
calipers. 

^ or T2= 



MH 


MH 


MH = 


4,r*K 

X2 


“47^^K^^2 where n is the frequency (num 


1 


ber of vibrations per second) 7i= —• 

Vibration Magnetometer, It consists of wooden box 
having glass on all sides. The front side of the box opens 
like a window. 
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The magnet is held in the 
double loop of silk support which is 
suspended from the top of the bos. 

Sometimes a brass stirrup is used 
to support the magnet, which must 
be suspended by unspun silk. No 
thread of silk or cotton be used for 
suspension as it untwists under 
the action of weight, causing the 
magnet to turn round and round. ^’ig- 

The suspension is free from twist when it ha.s no 
tendency to turn one way or the other. 

The box has two slits in the top through which the 
oscillations of the magnet can be watched. The magnet is 
supported from a torsion head at the top of a glass-tube. 

The object of using a box is to protect the magnet from 
air currents. A bell jar would serve the same purpose. 

Experiment 90. To compare the magnetic moments of 
two magnets by the method of oscillations. (Magnets are of 
same mass, size and shape.) 

I 

Apparatus .—Vibration box, two icUntical magnets, 
unspun silk (Putt)y stop watch, a piece of chalk and a 
metre rod. 

Method.—Making use of a compass needle place, the 
longest edge of the vibration box along the north and 
south direction. (There is a line on the mirror attached 
to the bottom of the Aubration box and it can help in 
placing the box in the desired position.) Take a brass rod 
and place it in the stirrup and if there is any twist in 
the silk thread it will turn round and round till the 
twist is removed. When the rod becomes stationary, 
turn the torsion head through a small angle till the rod 
becomes parallel to the north and south direction. In this 
way the twist in the silk thread will be removed and the 
brass rod will be resting along the magnetic meridian. 
Now replace the brass rod by a magnet and it will remain 
-at rest in this position without giving any twist to the 
thread. By bringing a piece of iron outside the box, allow 
Ihc suspended magnet to vibrate. 
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The amplitude of vibration must be small and the 
magnet should not move bodily towards east and west. 
Find the time of 10 or 15 vibrations with the help of 
stop-watch. Repeat the observations 3 or 4 times and 
find the mean, Now substitute the second magnet for the 
first and find the time of 10 or 15 vibrations with your 
stop-watch. Repeat it 4 times and find the mean of 4 
observations. 


Enter your observations as follows : 


ao 

?3 


Time of vibration 


1 I c 

(i)'(2) i-n (4) I 2 


' 03 

1 c c > 

O O 
42 O 

o a X 

H 




t.r 


.> 

lu- 


. 

' Ms" 

Theory, Let and be the time periods in the two 
cases, Kj and Kg the moments of inertia, and Mg the 
magnetic moments of the magnets and H the field in which 
they are suspended. 


M i * 

Since Ki=K 2 therefore ^ ^ - 

M, fi“ 

If «, and Wg were to denote the frequencies, 

M, 
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Experiment 91. To compare the magnetic moments of 

fi?//’ere^rcc method when two magnets 
•I different moment of inertia are supplied. 

Apparatus, Vibration box, two magnets of different 
masses and dimensions, stop watch, unspun silk, a metre rod. 

Method. First by a compass needle place the longest 
edge of the vibration box along the 
north, south direction. By using a 
brass rod remove twist from the silk 
thread by which the stirrup is suspen¬ 
ded from a torsion head. Move the 
torison head through a small angle so 
that the rod be'-omes parallel to the 
north, south direction. Replace the 
rod by two mapets with their like 
poles pointing in the same direction 
supported by two holes in a block of 
wood or in the stirrup. Find the 
time of 10 or 12 vibrations with a 
stopwatch. Let Tj denote the time 
period. 



polarity-of the weaker magnet. The 

^TraXl fx°e8 arranged symmetricaUy so that their 

axes are m the same vertical plane. In this wav 

same w°^n”the° combination will remain the 

find the time of 

or 12 vibrations. Let Tj denote the time period. 
l>2,r or 

vMj+M, Mi+Mj, 

m moments of inertia of the two 

gnets of magn^ic moments M, and M, respectively. 


Tj=27r / 


or 


/K, + K, 

Mj ~T,2—T,2 


or 


4,^(K,+K,) 
M,-M " 
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Note, The sum and difference method is not applied when 
magnets are of nearly equal magnetic moments. In sucli cases- 
calculate the moments of inertia of each magnet, by care¬ 
fully measuring the dimensions and masses of the two 
magnets and then compare the magnetic moments by using 
the following relation : 

M, Kj 

M2 

Tabulate your observations for such a case in the 


following manner 

Magnets of 
inertia 


Time period 


M„ 


T^i 



by the method of oscillations. 

Apparatus. Vibration box, two magnets, stop-watch^ 
unspun silk, blocks, a metre-stick. 

Uethod. Suspend a magnet in the earth’s field an 
note the time^for 10 or 12 vibrations. Repeat this ^ or 
times and find the mean value for the time period. Le 1 


represent the time period. 

Place another magnet on a block of wood at a 
the suspended magnet and towards its south, y® . 
north pole of the second magnet point towards the - 

rhehorSintal field H due to the earth Find time of 

action of Tew field (F+H) and then find the mean. 
Y represent the time period. 

The field F is supposed to be stronger than H. 


F4H 
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This equation also enables us to calculate the held F 
due to the magnet, if the value of H be known, 



H=-329 C. G. S. units. 

If the second magnet had been placed so as to have it« 
b. pole towards the north, the field F due to the masnet 
would have opposed the field H due to the earth. The 
resultant field would have been (F—H). 


Tabulate your observations as follows ; 
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[Note. —We can get the new field in another way. If the 
vibration box be supported on blocks of wood, the second 
magnet can be placed below the box on the table along the 
magnetic meridian. If the N. pole is towards the north, 
the second field is F+H, and if the N. pole is towards the 
south the second field is F—H.] 


Experiment 93. To determine H (horizontal component 
of the earth’s force) at a given place. 


Apparatus. Deflection magnetometer, vibration box, 
magnet, stop-Avatch, unspun silk, set squares, metre-stick. 

Method. Adjust the deflection magnetometer for the 
‘end-ou’ position, and note the angle of deflection by keep¬ 
ing the magnet at a suitable distance from the centre of the 
pivoted needle. Find the mean of 8 readings as explained 
in deflection magnetometer experiments. Let 0 be the angle 
of deflection and d the distance between the centre of the 
needle and the middle of the magnet. Determine the value 
of M^H from this part of the experiment. 

2M 

F = H tan 0 or =H tan 0 (i) 


M tan $ 


Next suspend the magnet inside the vibration box accor¬ 
ding to the manner explained in previous experiments, and 
note the time of 10 or 12 vibrations with a stop watch. 
Repeat it 3 times and find the mean and calculate the time 
period.* Let T denote the time period of the suspended 
magnet of moment of inertia K. This part of the experiment 
enables us to determine the value of MH. 

... mh=> («) 


On dividing the (it) equation by the (i) we get 

' H 2 

MHx — .pij X ^3 tan 
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T-d^ tan o' 

Calculate the value of 

tx 


calculate the value of - _ anH mtt « -l i 
j. H separately, and then 

divide. 

Enter your observations as folio as • 

Length of Magnet (1) = 

Breadth of Magnet {b)= 

Mass of the Magnet {w) = 

XT_ „ 

~^\ l2~/ rectangular magnet, where w is the 
.elgh. of , .nd t ita le„.th and breadth, 

|vib,.ti„„ Magnetometer ~ 


£ arm 


W 


arm 


Total Time 


H 


(1) (2) (3) (4) 


' of the magnYtl T moment 

~2 
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Exercises 


(1) Prove the law of inverse squares hy the method of 
oscillations^ 

[Hints. Clamp a magnet vertically by using a retort 

stand, with its S. pole 
uppermost. Place a mag¬ 
netic needle so that the N, 
pole of the magnet faces 
the south pole of the needle. 
Let be the distance bet¬ 
ween the centre of the 
needle and the N. pole of 
the magnet. Count the 
number of vibrations in a 
certain time ; and call the 
frequency’ Wj. Placing the 
magnet at a distance 
from the needle, find the 
frequency Take the 

vertical magnet far away 
Fig. 140, from the needle and find 

the frequency in the earth^s 

field alone ; call it n. Let P, be the force in the first posi¬ 
tion and Fj the force in the second position. The effect of 
the S. pole of the magnet may be considered negligible. 



XT j S’! V— 

Hefice ^ 


But from the experiment it 


will be found that 




• F, 


In other words force is inversely proportional to the 


square of the distance. 

(3) Compare the relative quantities of free magnetism 
along the length of a bar magnet. 
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[Minis .—Clamp a magnet vertically with its N. pole 
uppermost by using a retort stand. Divide 
the magnet into a number of equal parts and 
mark the divisions with a piece of chalk. 

Place a small magnetic needle which is pivo¬ 
ted or suspended so that it is quite close to 
the magnet. Let the magnet be placed so n 

that the direction of the needle is not dis- {Q 

turbed. The N. pole of the magnet is due B 

south of the magnetic needle. Disturb the ^ 

needle slightly with your pencil or by bring- ^ 

ing a piece of iron near it and find the a 

frequency Similarly find the frequency ^ 
opposite to each point of the magnet. Let 
be the frequency opposite to the next point 
and so on. Find the frequency n in the 
earth’s field alone. The force at the different 
I points will be proportional to 

and so on. 

Place the magnet on a paper and draw Pig. 141 
, its boundary and mark the position of differ¬ 
ent points along its length. Erect perpendiculars at the 
different points and let the lengths of the perpendiculars 

be proportional to respective forces represented by (a 2 _ 

<a2*-*n2), and so on. Draw the graph to show the distribu! 
tion of free magnetism along the length of the bar magnet. 

(3) Compare the values of magnetic force due to the 

given magnet at points on its axis 12 and 16 cm bevond 
one enm ’’ ^ ^ 





CURRENT ELECTRICIY 

CHAPTER XXIX 

SOURCES OF CURRENT, ARRANGEMENT OF CELLS- 

COMMUTATORS AND KEYS. 

When the ends of a conductor are kept at two different 
potentials, a current begins to flow in it. In order to send a 
steady current in the conductor, it is necessary to maintain 
the difference of potential at a constant value. 

Sources of current. For experimental work in the labo¬ 
ratory, domestic and industrial purposes, there are two- 
sources of electric currents ^ 

(1) Electric supply mains of the city. Here the two 
mains are kept at a definite difference of potential which is 
generally 220 or 110 volts. If the current always flows in 
one direction, the supply is said to be D. C. (Direct current), 
and if the direction changes sevreal times in a second, it is- 
called A. C. (Alternating current). In using the current 
from the city mains, very great care should be taken, other¬ 
wise one may get a severe shock. 

(2) Cells {primary and secondary). For generating small 
electric currents for intermittant use and especially for 
experimental work, the students will find the cells and accuiH' 
ulators very useful. The following remarks about their use 
will assist him in selecting the most appropriate sources m 
the experiment which he is going to do. The dry cells which ^ 
are used for ringing door bells and operating flash lights, 
telephones and radio sets etc. are also included under thi^ 
head. 

When two conductors are placed in a solution which 
acts more on one than on the other, a difference of potentia 
is set up between the two conductors and when they are 
joined together, a current begins to flow from the one a 
the higher potential to the other at the lower potentia - 
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It is customary to call the plate which is attacked less as 
positive f-l-) (the copper) and the other negative ( —) (the 
zinc). Different experimenters h;,ve worked witl* different 
pairs of conductors and solutions .and as a result of their 
investigations, the following cells have come in common 
use in laboratories. We will give here only their description; 
for details as regards their chemistry, etc., a text-book on 
e''ectricity may be consulted. 



zjnc 


^\^cfirsrALs or 

'/rJ ( 




— '>0FCi/5 F07 




- “J ccrrr/f 


• Daniel Cell {Fig. 142), It consists of an outer copper- 
vessel in which a saturated solu¬ 
tion of copper sulphate is put. In 
the solution is placed a porous 
pot containing dilute sulphuric 
acid (1 vol. of strong sulphuric 
acid with 12 vols. of water) or 
saturated solution of zinc sul¬ 
phate. The porous pot has in it a 
zinc rod. Round the inside of 
the copper vessel a shelf is often 
, fitted and crystals of copper sul¬ 
phate are placed on it to keep the 
solution saturated. The hydrogen 
■which is evolved by the action of 
zinc on sulphuric acid, passes 
through the porous pot to reach 
the copper plale and combines with copper sulphate and 
deposits copper on the inside of the copper vessel. Since the 
zinc gradually dissolves it should be a thick rod. 

E. M. F. of a Daniel cell is 1*08 volts, and it gives a 
fairly steady current. 


corre/r sul rorrs 
•socar/TW 

Fig. i42. 


It can be used in ail experiments on measurement of 
resistances and where a steady current is reoiiired for a short 

time. 


The cell should be dismantled iinmedi.ite]y after an 
e^eriment, otherwise the two liquids, copper sulphate and 
dilute sulphuric acid, tend to diffuse and mix with each 
other. The zinc rod should be washed and porous pot 

should be soaked in a deep dish of water and not simply 
swilled, ^ 
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L6ciSDcke Cell (Fig. 143). It contains a carbon platC' 
packed round with manganese 
dioxide and pieces of carbon 
in a porous ceil, which is placed 
in a glass vessel oontainifig 
solution of sal animoniac (am¬ 
monium chloride). There is also 
an amalgamated zinc rod in the 
solution. The hydroget; which 
is formed by the action of zinc 
on ammonium chloride tends to 
be evolved at the carben [)late 
and reduces the manganese 
dioxide and gets itself oxidized 
to form wateT. If. the coll is 
short circuited and is used for 
A long time or drsws a large 
current, it gets polarized very Fig. 143. 

soon, but recovers if disconnected and allowed to stand. Thb ' 
cell is useful for intermittant work, i. e., for ringing bells 
and telegraphy and can be used wu*th advantage where a 
small but not uniform current i.s required. Thus this cell can 
be used for measurement of re.'^istances by Slide-wire bridge 
and Post-office box methods. 

Leclanche cells do not require looking after them and 
they can be left for .several \\eeks without any further 
attention. E, M.F. is about i‘45 volts. 

Bunsen Cell. It consists of an outer earthenware pot 
having dilute sulphuric acid, (1 vol. acid, 12 vols. water) in 
it. In the acid is placed an amalgamated zinc cylinder. A 
porous pot having strong nitric acid and a carbon plate in it 
is placed so that it is surrounded by the zinc cylinder. The 
hydrogen in reaching the carbon plate is oxidized by the - 
nitric acid. E. M. F. is 1‘9 volts and remains fairly constant. 
The cell can be used for electroplating purposes and also 
wherever a steady current is required. Its disadvantage is 
that it gives pungent fumes of oxides of nitrogen. When the 
cell is not required, its parts should be taken to pieces and 
well rinsed with water. The porous pot should be well soaked 
in water. When after use the nitric acid has acquired 
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greenish blue colour, it should be replaced by fresh acid. As 
in this cell, tlie dilute sulphuric acid is contaminated with 
nitric acid, it should be kept in a separate bottle and should 
not be mixed with dilute sulphuric acid to be used in other 
cells. 

Grove Cell. Not much used. 

Dry Cells. These are chemically nothing but Leclanche 
cells and the remarks given in the case of Leclanche celi.-^ 
^PP^y them. 


General remarks about Cells. When using cells, the 
^Following precautions should be taken :— 

1. Clean with a sand paper the binding screws especially 
the portion to which the wire is to be screwed. Clean uLo 
the portion of the -}- and —poles at which the screw is to 
be fixed. 

2. See that the zinc rod does not come in contact with 
the + pole. 


3. The liquids used should be of proper strength. Dilute 
sulphuric acid should be prepared by mixing 1 part of the 
acid (by volume) to 12 parts of water (by volume). 


4. Do hot pass the current from the cells unnecessarily 
when an observation has been taken, the circuit should be 
broken by removing the plug from the key. 


The cell should in no case be short-circuited. 


5. When the experiment has been finished, the various 
parts should be disconnected, cleaned and washed with water. 
The porous pot should be well soaked in water. 


6. Before using the zinc rod, it should be well 
amalgamated with mercury, otherwise the cell will give a 
weak current due to local action. 


How to amalgamate a zinc rod. Take the zinc rod and 

to clean its surface dip it in dilute sulphuric acid contained 

in a vessel until effervescence begins. Next put it in the 

amalgamating dish and pour mercury over the zinc and rub 

thoroughly with a piece of cloth until the zinc acquires a 

bright coating. Tap the rod gently to remove excess of 
mercury. 
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Amalgairtcitioii should not be tione very often, for J'he 
zinc becomes rotten. 

Accumulators. These are very convenient to use for 
experimental work and give steady currents. Their internal 

resistance is very small. The chief disadvantage is that if 

care is not taken in their use, they get damaged. An 
accumulator is made of plates of lead, the negative plate is 
lo/ided with spongy lead and the positive with peroxide of 
lead. We should not draw large currents and should be verv 
careful that the accumulator does not get short circuited, 
for even momentary over-load causes very rapid evolution of 
gas inside as well as outside the plates and the plates buckle 
and the material with which they are covered is thrown off. 
The acid of the accumulators should be occasionally tested 
with the hydrometer and when the specific gravity falls to 
1T90 or the voltage decreases to 1-8, the accumulator should 
be charged. Even when the accumulator has not been used, 
it will be better to charge it every fortnight. Method of 
charging will be described later. 

When inexperienced students are to work, it will be 
better to connect one ampere fuse across one terminal and 
an external binding screw from which current should be 
taken. In this way more than one ampere of current will 
not be drawn and chances of damaging the accumulator will 
be minimised. 

The solution (dilute sulphuric acid) slowly evaporates 
and some of it is lost during charging. When the level of 
the liquid falls below the acid level line or the upper edge of 
the plates gets exposed, distilled water should be added to 
cover the plates again. 

E. M*P. of a fully charged accumulator is 2*2 volts. 

When using an accumulator, a key should always be 
inserted in the circuit, so that the current may be stopped 
at will. 

Arrangement of Cells. Two or more cells can be joined 
together to form a battery to give higher E.M.F. or greater 

current. A cell is generally represented by two parallel line® 
the short thick line stands for the zinc or negative pole and 
the long thin one for the copper or positive pole. 
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:lj Series Arrangement. (Fig. 144 A.) In thie arrange¬ 
ment, the positive pole of the first cell is joined with the 
T\egative of the second and the positive of the sec ond with 
the negative of the third and 
so on, there will thus be leit 
one free positive and one 
free negative, the cuneiit 

will in this case flow through 
all the cells. Suppose cells Series arrangement 

are arranged and E. M. F. of Fig. 144 A. „ „ 

^ach cell^E, and internal resistance =B, then E. M. F, of 

the battcry=?tE volts. 

Resistance = a B ohms. 

This arrangement is for power, i.e,, voltage is increased. 

( 2 ) Parallel Arrangement. (Fig. 144 B.) In this arrange¬ 
ment all the positive plates are 
connected together and so are the 
negatives. The zincs will act like 
one big zinc plate and the coppers 
like one big copper plate. The 
E. M. F. remains the same as that 

Parallel arrangement of a single cell, i.e., E, but the 
Pig. 144. B. internal resistance decreases and 

g 

becomes — ohms. 

n 

(3) Cells may be partly connected in series and parrtly 
in parallel as shown in Fig. 144 C. 

Keys, Commutators. 

When working with 
electric current, very often 
it is desired to break or 
make a circuit or to pass 
the current in some other 
branch circuit, this can 

easily be done by means Fig. 144 C. 

of keys. When a plug is Mixed arrangement 

inserted between the bars of a key, the electric connection 
is established between them and on removing the plug, the 
■connection is broken. 
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Fig. 145 A. 



Simple Press key 

Fig. 145 B. 


Some of these keys are shown. Fig. 145 A represents a 
single plug key, it is convenient to use when the current is 
to be maintained for a considerable time. Fig. 145 B shows- 
a simple press key ; on depressing the knob, electrical 
contact it established. It should be used when the current 
is to be passed for a moment only/ 


Fig. 145 C shows a two way key. 


Fig. 145 D shows another form of a two way key. 
Current coming to the bar A can be branched off either to B 
or C by inserting plugs. 



Fig. 145 C. 



Fig. 145 D. 


Very often it is required to reverse the path of a current 
in a circuit. This can be easily done with the help of com¬ 
mutators, Fig. 146 A, 146 B, 146 C, 146 D. 


A is a revolving brush type commutator, sometimes 
called reversing key. It is very convenient to use. 


B is a plug type commutator. C is a Pohl s co 
D is a Bartin’s commutator. 


Mil' 


.utator 
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Revolving Brush type Commutator. (Fig, 146 A). It 

consists of a square piece of wood or ebonite having two 
half brass rings. Each of these rings is provided with a 
brass terminal There is also a revolving arm made 

of wood or ebonite capable of rotation about its centre. v)a 
this arm near the ends are placed two screws Bj, Bg ancL 



Fig. 146 A, Fig. 146 B. 


each of these on the lower side is connected with strong 
pieces of brass known as brushes. On revolving the arm, 
the terminals, Bj, Bj can be placed in contact with Gj or Gg 
as desired through the brushes. The wires from the battery 
poles may be brought to Bj and Bg and the remaining circuit 
completed through G, and G^. When the brushes are not 
resting on the rings, no current can pass through the 
apparatus. This type of commutator is very convenient to 
use. 

Plug type Commutator. (Fig. 146 B). The battery is 
connected to terminals which are diagonally opposite each 
other and the galvanometer, etc. are put across the other 
terminals. Plugs should never be inserted in adjacent holes 
but be put in diagonally opposite holes. 

PohPs Commutator. (Pig. 146 C.) The wires from battery 
are connected at A and B and the galvanometer circuit 
completed through either C and D or E and F. The terminals 
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Fig.146 C. 


Fig. 146 D. 


of the rocking part P which is a six-legged spider should 
he well under mercury. Care should be taken that the 
wires crossing each other do not touch. 

Bertin’s commutator. (Fig. 146 D) is now rarely used. 


CHAPTER XXX 

ARRANGEMENT OF BELLS, TELEGRAPHS 

AND TELEPHONES 

Arrangement of Bells 

Electric Bell-push. Unscrew the top of the bell-push 
and examine it. There is spring which on being depressed 
by the ivory button comes in contact with a metal strip 
under it and closes the electric circuit. It is nothing but a 
simple press key. 

Experiment. 94.—Arrange an electric bell so that it 
begins to ring when the button is pushed. 

Apparatus. Electric bell, push button, Leclanche cell, 
connecting wires. 

Method. Arrange the push button and the bell in series 
with the cell as in Fig. 147. On pressing the button the bell 
will ring, if it does not, adjust the screw H, till the spring S 
touches the armature A and a tiny spark is seen to pass. 

Trace the path of the current, when the button is pressed. 
The current enters at the terminal T, goes to the screw H 

and if the end of the spring S is 
touching the armature, it passes 
into the coils of the electro¬ 
magnet through the armature 
A and goes to the terminal T 
and thence through the button 
back to the cell. The soft iron 
within the coils attracts the 
armature to itself and the 
hammer is carried with it and 
strikes against the gong G. 
When the armature is attracted 
the contact between it and the 
spring is broken and the 
current stops. The electromag¬ 
net loses its magnetism and the^ 

the hammer with it and again- 

contact is established. 
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Ringing of bells from the mains.— Bells can be worked 
with mains but in this case they have to be suitably wouad. 
If an ordinary bell is to be used with the mains one or more 
electric bulbs should be put in series with the bell. 




B? B3 


Fig. 148, 

are the electric bulbs 
the path of the 
current and see how 
the circurit is com- I 
pleted. I 

Experiment 95. — I 

Arrange three bells I 
near a kitchen so I 

that these can be '- 

rung from the front 
door, dining room 
and drawing room. 

Fig. 149 shows the 
way how the three 
bells (^n be arrang¬ 
ed. 


C Exercise .^ 

H I bell so that it can be 
8jt-j worked from the same 
"in cell from the main gate, 

H dining room and draw¬ 
’ll I ing room of a house, 

Y I the rooms being indi- 

I cated by differently 
I coloured electric bulbs. 

I Arrange the var- 

J ious parts as shown 

in Fig. 148. 

I are the push buttons 

placed at the three 

places and Li,L 3 ,L 3 , 
corresponding to them. Trace 


I 0RAMrtf<l6 ROOM 

QW(^G ROOM T 


FRONT DOOR 
Fig. 149. 


TELEGRAPH CIRCUIT 

Morse Key, It is a sort of press key (Fig. 150) by means 
of which the sender transmits the messages. The key is 
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fitted with a lever and three brass studs. In the normal 
position, i.e., when the key is not depressed the connection 


K 



Fig. 150. 

is made by the lever between C and A, while on pressing 
down the knob K, contact is established between C and B. 
The terminals A, B and C are kept connected with the re¬ 
corder, battery and line wire respectively. 


Sounder. (Fig. 151). It consists of an electromagnet 


with the heavy arma¬ 
ture pivoted over 
its two poles. One 
end of the armature 
is held down by 
the springs while 
the other end is free 
to move through ■ 
a small distance. 
When the current 
passes through the 



electro-magnet it Fig. 151, 

attracts the armature down and it strikes against the lower 
stop. When the current stops, the spring pulls it up and 
it now strikes against the upper stop. The time elapsing 
between the two sounds is short or long according to the 
duration of the current and it correspounds to the dots and 


dashes of the Morse Alphabet. 
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Relay. As the current coming over the line wire from 
a great distance becomes weak and is not sufficiently strong 

^ ^ ^ V 1 ^ .V « *s «• 


YL 


V-mc 

§4 ' 


_ _ _ to work cl recor- 

S fe-tTeYt). l'^2) is used. It 
A |j /7 * is merely a cir- 

^ f 1 r \,^~ ' ' ^ closer and 

lOS^@ consists of an ele- 

rt-T"^ .irr r. Q ctro-magnet made 

^ Oy of very large 

A rtnA-lure __—^ number of turns 

X: - - of a very 6ne 

prjg 

a delicately poised armature which when attracted 
closes a local circuit of which a sounder and a local 
battery form part. The electromagnet of the relay is con¬ 
nected to the line through the binding screws A and the 
other terminals, are for the local circuit. 


ArmA-lure 


Experiment P(5.— Arrange a simple telegraph, sending 
and receiving both ways. 

Apparatus. Four Leclanche cells, or two accumulators,, 
two Morse keys, two sounders or buzzers, long copper wire. 

Method. Connect the various parts as shown in the 
Fig. 153. Use two Leclanche cells in series on the both sides* 
Connect the -4- pole with that terminal of Morse key 
which is under the knob and the line wire with the middle 
terminal. Gas pipe on the table may be used as return 
\Fire or earth. Rub with sand paper and thoroughly clean, 
that part of the gas pipe to which the wire from the nega¬ 
tive pole of the battery is to come. For connecting with 
the pipe, use four or five turns of bare wire and see that the 
connection is tight. The third terminal of the Morse Key 
should be connected to the sounder and the other terminal 
of the sounder to the gas pipe. The second pole of the 
battery should also be connected to the gas pipe. Send and 
receive from both sides and carefully trace the path of 
the current. Instead of the sounder, a buzzer can be 
used. If the sounder does not work, adjust the screw and 
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bring the armature a little closer. ’ The experiment may 
be tried first with one cell on each side, and if the current 





Fig. 153. 

is found to be weak then two cells may be used. 

Experiment 07 .—Arrange a simple telegraph sending 
and receiving both ways using a relay and local battery. 

Apparatus. Cells> two relays, two sounders, two press 
keys, long copper wire. 

Method. Arrange the apparatus as thown in the Fig. 
o4. For return wire or earth use the gas pipe as in the 
last experiment. Work from both sides and carefully follow 


UKMt S»rrejrr 



Fig. 154. 

Telegraph circuit with relay and local battery. 


the path of the current and see how the armature of the 


322 


MODERN PRACTICAL PHYSICS 


relay closers t-lio circiiit*of the ic>cal battery. In cast' the' 
sounder and the relay do not ^vork satisfactorily adjust 
their screws and brino- their amatures closer. 

Telephones. Bef.irc we study the actual arrangcmeut- 
of a telepli'-no circuit, let us first study the two principal 
parts of a teh'phonc namely the transmitter and the reeeiv^er. 

Transmitter. A modern transmitter (Fig. looj, consists 
of a small chamber B fitted with particle^ of granular car¬ 
bon. The front of this chamber is 
made of a carbon plate attached 
to a vibrating diaphragm. It is 
(.onnected to a terminal of a bat¬ 
tery ill series with the primary coil 
of a small transformer or induction 
coil. The back of the chamber 
consists of a fixed carbon plate 
wich is connected to the other 
primary terminal of the transfor¬ 
mer. The sides of the chamber are 
made of some insulating material, 
the diaphragm is held round its- 
outer edges by the containing case. 
When we speak in front of the diaphragm, alternately waves- 
of compression and rarefaction are set up and are through 
air applied to the diaphragm which presses the carbon parti¬ 
cles with rapidly varying degree. This causes corresponding; 
variation in the resistance offered by the particles, a vary¬ 
ing current thus traverses through the primary of the trans¬ 
former and induces corresponding currents at higher volt¬ 
age in the secondary. As the secondary winding is connect-- 
ed with the line wire, these currents pass over the line and- 
affect the receiver at the other end. 

Beceiver. A modern telephone receiver is shown in- 
Fig. 156. It consists cf a U-shaped piece of steel which is- 
permanently magnetised. Two coils B B of very fine in¬ 
sulating wire are wound in opposite direction round the- 
two poles and are put in series with each other. In the 
coils are placed cores of soft iron. The diaphragm E is 
placed in front of the tw'O poles and almost touches 
lihe ends of the magnet. G is the ear-piece. When current 



Fig. 155. 
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from the line pastej> round the coils it citlu-t stren^tlms 
the field oi weakens it, the dia]>hragm is thus attracted 



Fig. loO. 

either more strongly or weakly. The variation in the 
magnetic pull on the diaphragm sets it in rapid vibration 
and the diaphragm produces sound waves exactly like those 
which had fallen on the diaphragm of the transmitter. 

To study the receiver and transmitter of a telephone. 

Open carefully the rcceivc'r and see the U-shaped magnet 
coils round the poles and the diaphragm. Sketch the instru¬ 
ment in your note book. Under the instructions of the 
teacher open the transmitter and study its parts. Trace 
the path of the current from the microphone to the primary 

windings of the transformer coil. Draw the sketch on your 
note book. 

If you have g(4 a hand .set—combined receiver and 
transmitter—carefully open and study that also. 

Experiment 98. To set up a two way telephone without 
bells (local battery system.) 

Apparatus,-~Eo\xv cells or two accumulators,^two simple 
plug keys, two microphones, two receivers, two transformers 
Arrange the apparatus as shown in the Fig. 1.^7. 


UNe 
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Kj, are plug keys, PP, SS, are primary and secondary 
terminals of the transformers. Use two cells or one accumu¬ 
lator on each side. Note that one end of the microphone M 
is f onnected to one end of tlie primary PP, the other end of 
primary is connected to one end of tlic battery, the second 
end of the battery is connected to the secoTid end ol the mic¬ 
rophone through a key, ?. e., the primary, microphone and 
battery are all connected in series through a key. Simi¬ 
larly the-two secondaries, the two receivers and the line wire 
1)0 also connected in series. 

Insert plugs at K, and Kj. Hold your microphone near 
yt iir mouth and receiver near your ear. The microphone 
and receiver at the other station also should be held similar¬ 
ly- Speak in front of your microphone and hear through the 
receiver. 

Fffcaations—l. Connections should be tight. 

2. PJnds of connecting wire shoidd be cleaned, 
d. Keys in battery circuit must be put. 

-C When not talking remove the plugs. 

If sounds in the receiver be feeble increase 

-.'itimber of cells. 

^sojE .—As the two receivers, the line wire and 
secondaries are all joined in series these may offer a great 
resistance to the current tlowing in ana the sound in the 
receiver may become feeble. If so. put one more cell in 

the microphone circuit. , 

Experiment set up a two way telephone witn 

hells (Local battery system). , 

AvparaUtx. — 'i cells or 4 accumulators, two simple 
keys, two two way key.-, two receiver.-, two transformers, 

two bells, connecting wires. • u r" i 

Method.—Arrang^the apparatus as .shown in the IMg. 


the 


the 





^ 1 TO 


Station B 
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The primary wiudiiig PP of the r. tin* micro¬ 

phone M and the battery should be connected iii scries 
through a key as shown in the tigure i58. Note <eaefully that 
one end of the microphone is to be joined to tic* one <-nd ot 
the prir ary, the other end of tlie primar}^ is to be joined tc 
one end of the battery. The second end of the mieiupli one is 
to be joined to the other end of the battery thi ough a key. 

The line wire, the two receivers and the secondaries of 
the transformers at the two stations are also to be connect¬ 
ed in series ; the bells and their cells are arranged as showit 
in the figure. 

To ring bells from the station A: - 

In the two way key of the station A, insert tlie plug in 
the position ( 1 ) and also insert a ])lug in the two way key 
of the station B at the position marked 4, the bells of both 
the stations will be in circuit and will ring simultaneously. 
Similarly to ring the bells from the station B, the plugs 
should be removed from the positions 1 and 4 and .should be 
in positions 2 nnd 

Tf bells do n*>t ring tln*i) (/) adjust the screw of the 
spring of the bell ; {b) put aiioihei cell in the bell and 

battery circuit. 

In actual working the change of plugs is brought about 
automatically by means of jacks and switches. 

For talking from either end— 

((/) Remove the plugs from 1. 2, .‘5, 4 positions, /.e., no 
plug .should be iu.serted in the two-way keys. 

{h) Insert ]>lugs at K,, Kg, Kg, K 4 . 

(c) Speak in front of the microphone M and hold the 
receiver R near your ear. 

If the sound in the receiver l>e weak, ])iit another cell 
in the microphone circuit, 

Pt€Cwulio7is. ~ 1 . Rnds ot couiit*cting wires should be 
properly cleaned. 

2 Connections should be tight. 

ri. The key must be inserted in the microphone circuit. 
As the line wire, the two receivers and the two secondaries 
are all joined in series, these will offer a great resistance to 
thci current flowing in them ; therefore the sound in the 
receiver may become weak. If this is so, put another cell 
in the micrf)phone circuit. 
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LIGHTING CIRCUITS 

Eor lighting pnrposes, the current is generally supplied 
at 220 or 110 \ olts and if any one u ere to touch bare wires 
at those vol(;;jres, he will get a shock. It is, therefore, 
necessary that while working with city mains, one should be 
vei'v careful. 

For experiments in the laboratory on lighting circuits, 

it-wiJl be very conve¬ 
nient, if a number of 
lamps, switches, cut outs, 
fuse boxes, etc., are 
mounted on separate 
blocks of wood and termi¬ 
nals fixed on to them for 
connections as in Fig. ■59* 
For the lamps, button 
holders may be used. 

Fig. 159. 

Such of the pi’jictical tables as those on which these be 
performed should be fitted with a wall plug and a porcelain 
fuse. 

Where the city electric supply is not available, the 
experiments can be performed with accumulators if available 
or with dry cells and in this case lamps of proper voltage 
and su itable holders should be used. Before arranging the 
apparatus, read the following instructions carefully. 

(1) Draw a diagram of connections and carefully trace 
the path of the current and see whether circuit is complete 

not. 

(2) Before connecting the various apparatus, see that 
the mains are off or if your practical table is fitted with a 
separate fuse and plug, the plug should be out of socket. 

(3) The screw driver which you are going to use should 
have an insulated handle. Wooden handle is alright. 

(4) When you bare the end of a wire, carefully clean it 

and see that it is tightly fixed. 
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(5) If any portion of a wire bared lor eonnectious 
the bare portion should be carefully wraity)ed with in^ulatiuo; 


tape. 

(6) As in lightintr circuits the -f and — wire run close 
together, care should be taken not to lay bare adjacent 
portions of the two wire. If for connections the wires hav'e 
to be bared, choose two points (one on each wire) about .*> 
inches apart so that chances for short circuiting may he 
reduced to a minimuru. 


(7) Use a porcelain junction box at the points where 
the wires branch off. 

iS) When the apparatus are arranged, before joining 
them with power, have the connections approv(*d by your 
instructor. 


Series arrangement. Wluui the same current passes in 


succession through all tiie 
conductors, they are said j 
to be arranged in series 
(Fig. IGO). Here the ( 
conductors A, B and C pj™ 

having resistances Rp R... 

and Rg are in series. The current from the battery goes in 
enccession through three conductors. 

Total resistance of three conductors 

R = Ri+R.>+R3. 

Parallel arrangement. Here the current C divides off in 




Fig. IHl. 


branches in the conductors, 
so that C Oid-C^-fCa, and 
after traversing the conduc¬ 
tors the various currents 
again unite. In this arrange¬ 
ment, if 11 i.s the total resist¬ 
ance of the conductors and 
then. 


Rp Rg, Ra individual resistances, 




1 _ 1 
R Rj 



Experiment 100. To study the relative advantages of con¬ 
necting lamps in series and parallel. 


I 
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(This experiment can be performed with advantages 
by using dry cells or accumulators and lamps of correspond¬ 
ing voltage). 

Apparatus Four dry cells (8 volts in aggregate) five 
lamps i2'r) volts each), 3 plug keys, connecting wires. 

Method:— (z) Series arrangement. Arrange three cells 

and three lamps as in Fig. 
162. Insert the plug and 
see that all the lamps are 
correctly lighted. Now 
either remove the plug or 
Fig. 162. one of the lamps, none of 

the lamps will be now lighted. Next increase ttie number of 




Fig. 163. 

lamps to four, or better five (Fig. 163.) insert the plug all 
the lamps will be under-lighted, 

(n) Parallel arrangement. Arrange two cells and 3 

lamps as shown in Fig. 164, 
using a plug key in the cir¬ 
cuit of each lamp. Put 3 
plugs in their places, ail the 
three lamps will be found to 
be correctly lighted • Now 
remove one of the plugs, Fig. 164. 

that lampof which the plug 

has been removed will be found to be put out, the other lamps 
will remain correctly lighted. Next remove the second plug, 
the third lamp will be found to be still lighted. Now dis¬ 
connect one pole of the battery and insert in circuit a fourth 
plug and a lamp. Connect the battery and sec that on 
inserting all the 4 plugs the lamps are still correctly lighted. 



What is your conclusion from the experiments ? In 
series arrangement ;— (i) The lamps are not independent, if 
one lamp is out of order, all will cease to give light, (ii) 
If the number w ere to be increased, the lamps become 


under-lighted. Why ? 

In parallel arrangement ;—The lamps are independent. 
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any ono lamp can be switched on ur off. Tiic lamps arc not 
under-lighted by moderately increasing their number. 

Try the above experiment with incandescent lamps and 
current from the electric supply mains, but tiiis should b( 
done ofter performing the next two experiments. 

Experiment 101 Arrange an in¬ 
candescent lamp controlled by a 
switch. 

Apparatus :—Lamp and switch 
mounted on blocks, insulated wires, 

(silk covered tiexible wire can be 
used). Power (Battery or line). 

Method. Make connections as 
shown in the Fitr. Ibo. While con¬ 
necting up. See that tlie power is off. 

Wiring is generally done on ‘cen¬ 
tre of distribution svetem.’ This 

4 

consists of running the mains to a 
distribution board from which sub- 
mains after passing through tuses 
run to branch distribution boards. 

Form these branch distribution 
boards wiring is done for lights or 
other points. The greatest advan¬ 
tage of this system is that all the 
fuses are collected together at the 

centre and in ease of trouble one knows to which fuse to go 

and moreover joints are also avoided. The companies 
generally recommend the wiring from distribution boards on 
small circuits carrying not more than 3 or 4 amperes. When 

this IS done, fuses on the distribution board are ample to 

give protection. ^ 

doints are the greatest source of trouble in wiring and 

therefore looping is generally done when more than one 
points are to be put. 

Experiment 102. —Arrange a circuit of three lamps and 
the three independent switches. 

Arrange as shown in Fig. 166. 

Note :_The wire should not be cut, it shouid con- 
tmuously run from one ceiling rose to the other, similarly' 
the other wire from one switch to the other. 



/ 


/ 
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chumMse cenwcposi 


Fig. 160. 

CiroiiiU of 3 litjhfcing points sliowing hookiiig in at switch and light. 

Experiment 103. Arrange two light points and one wall 
plug in different rooms with independent switches hnd two 
luses on the distribution board. 

Anan^rement of connection is shown in Fig. 167, 



Fig. 167. 








LIGHTING CIFCUITS 


331 


Special wiring. —Wiring to allow of lights or groups of 
lights being controlled from two or more points lias led to 
multiplicity of two, three and four way s\sitrhos. A com¬ 
mon requirement is to switch off or on the light in a stair¬ 
case from either end and to similarly control the light in a 
corridor. 

Experiment 104. Arrange a lamp in a staircase so that 
it can be put on and off at either end. 



Fig. 1(>S. 

Arrangement of comn’ctions is shown in the above figure. 

For tliis purpose ordinary type of a switch is useles.s 
and ♦'he double switch n.spd has four terminals instead of 
tAvo but two of these are joined together so that onl^' three 
wires are to be connected to each switch. In the figure, 
the terminals 2 and 3 of one switch and 5 and of the 
other .switch are joined. The figure shows the usual way of 
making connections. It will be seen that the light j)oint is 
to be connected to the terminals which are connected to¬ 
gether i, e., to 2, 3 and 5, 8. The other terminals are to he 
connected to the mains and with each other. By turning 
the knob of the switches the connection can be made either 
in the position A or B in the case of one switch and C or D 
in the case of other. 


Trace the path of the current in different 

the lever knob. 


positions of 


CHAPTER XXXIl 

CHARGE AND DISCHARGE OF A STORAGE 

BATTERY 


Accumulator.^ are in these days u.secl extensively in 
automobiles for starting, lighting and ignition purposes and 
therefore some knowledge uf their proper use has become au 
every day necessity. What we see on the outside is a box 

with lead strips and terminals. 

Experiment 105.^ ■'To demonstrate the principle of an 

accumnlator. 


Apparatus Two lead plates, a rectangular glass cell, a- 
tangent galvanometer, or an ammeter, two accumulators or 
two Bunsen cells, connectors for wires, three way key, a bell 


and a rheostat. 


Method. Plates made from ordinary lead servo tlx^ 
purpose very well. In order to prevent them from coming m 
contact with each other when suspended they may be 
screwed to a i inch thick strip of wood or better be suspend¬ 
ed by means of hooks from tw'O thick wires resting on tne 

edge of the glass cell. 


Connect the apparatus as 


C 

+ - 



Fig. 169 


shown in the Fig. Ih9. An 
ammeter or belter a laTtgcni 
galvanometer G [50 turns) and 
a rheostat R should be 
nected in series with the lead 
plates. The bell B should be 
ill the branch circuit. The 
battery C (voltage more than 
tv. o in no case less than 2) 
and the 3 way key should 
be connected as shown in the 
figure. Put dilute sulphuric 
acid (one of acid and 10 of 
water) in the glass cell, taking 
care that the wooden 'strip 
separating the two plates (if 
used) is not immersed in the 

acid. 
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If the tangent galvanometer has been used, adjust the 
galvanometer so that the coil lies in the magnetic meridian 
^ and the pointer is at zero. 

Insert the plug K., in its position and see that is out. 
Now the battery C is out of eirciut, the bell does not riiig 
and the galvanometer shows no deflection, which means that 
there is no current in the circuit B, Ko, G and R. 
Now remove and insert the plug K, and allow' 

the current to pass from the battery C for 5 to 
10 minutes. If the galvanometer shows small deflection, 
adjust the rheostat and decrease the deflection. As the 
current floAvs, hydrogen will be seen to rise from the cathode, 
Avhile the other plate (anode) will begin to turn dark brown. 
At the same time the reading of the galvanometer will begin 
to decrease. The brown coat is'of lead dioxide PbO^ and it 
has been formed by the oxygen which is given off at the 
* anode. 

If the galvanometer reading has decreased a great deal, 
move the contact of the rheostat to increase it. When the 
current has been passed for some time, remove the plug from 
the position K, and insert at K,. Although the battery is 
now out of circuit, the bell will ring and galvanometer will 
show a deflection in a direction opposite to that of the 
original current. The current will decrease rapidly as the 

' energy stored in the lead plates is expended in ringing the 
bell. 

The above experiment shows the principle of a storage 
cell. Really there has been no storage of electricity, but 
only a storage of chemical energy. 

^ If, however, we w'ant to demonstrate the principle of an 

accumulator by charging from the city mains we make con¬ 
nection as given in Fig. 173. 

Question;— While passing current from the battery, why 
did the galvanometer reading fall ? 

[When Pb02 is formed on the anode, a back E.M.F. is 
set up which pushes back against the E. M. F. of the charg¬ 
ing battery.] ® 


334 


MODERN’ PRACTICAL PHYSICS 


Question Can a single accumulator or a single Bunsen 
cell be used in the above experiment in place of the charging 
battery ? 

Storage battery The commercial storage cells consist 
of — and — lead plates, the positive lead plates are covered 
with lead dioxide (PbOj^j and have brown colour. The 
negati\ es are coated with porous spongy lead and have grey 
appearance. The coating material is pressed into the inter¬ 
stices m the plates. The plates are sandwitched together 
with one more negative than the positive. All the positive 
plates are connected to the positive terminal marked -f- or 
red and all the negative plates to the negative terminal 
marked — or black. The plates are placed very close together 
with insulating separators usually of wood in between. The 
acid of density i zLo is used for hiling the battery. As the 
plates are large ana their distaiice from each other is very 
small, and internal resistance of the battez’y is very small, 
and fco it can give a current of high amperage. These cells 
Jiave an etiiciency of about 75 p. c , z. e., they give back 
about three-fourth of the electrical energy used in charging 
them. The E. M. F. of each cell is 31 volts. 

Experiment 106.— To chage a storage battery with current 
from the city supply mains (D, C. supply). 



Fig. 170. 

Apparatus.—A. wooden board with plug having a number 
of incandescent lamps joined in parallel on it to serve asjTari-] 



storage battery 


M ♦> - 


able resistance or a rheostat, an ammeter, a voltmeter, 

D.C. supply mains, storage battery, sulphuric acid, distilled 
water and h3*droineter. 

Method, Prepare dilute sulphuric acid by addincr add 

sowy to distilled \^ater, stir continuously and test its 
ensity. When the solution is quite cool, the density should 
e 1 215. Put the acid in the accumulator upto the acid 
eve me. Connect the apparatus as shown in the tigure 
accor mg as you are using a rheostat or a lamp resistance 
oard. With a voltmeter test which terminal from the 
mams IS positive. The positive main is to be connected as 

own with the positive terminal of the accumulator marked 

red. 

Next insert lamps of suitable power and adjust their 
num er so that the ammeter reads the current at which 


VOLTMtTER 



Fig. 171. 

makers of accumulator have specified it to be charged If 
you are using a rheostat, adjust it so that the ammeter shows 
the proper current. A voltmeter may be connected across 
the terminals of the accumulator to ascertain the voltage 
occasionally, but it is not absolutely necessary to connect it. 

On passing the current for some time, bubbling will take 
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place freely at the plates. Continue to charge 
for about 36 hours, till the voltage of each cell 
becomes and remains 21. Occasionally test the 
density of the electrolyte by means of a hydro-_^ 
meter which in a ftdly charged accumulator 
should be 1*290. 

In the case of small accumulators, if need be 
\^'ire resistance or a iheostat ma\' also be inserted 
in addition to the incandescent lamps. 

Fig. 172 represents the hydrometer usually 
used for testing the battery acid. 

When a cell has been once charged and after 
that discharged, the chemical action which takes 
place during second and subsequent rechargings 
is represented by the following equations. I 

At the anode 

PbSO,+0 -^H20 = PbO,+H.,SO, 

At the cathode 

PbS 04 +H 2 =Pb+H 2 S 0 j 

Sulphuric acid is liberated during charging 
and therefore the density of the electrolyte 

increases. 


ig. 172. 

_An accumulator should be discharged slowly, 6oth 

le plates'which during charging have been changed to 
b and PbO., are reduced to PbS 04 during discharge. 

Pb+H2S04-^0=PbS04 4.H20 j 

Sa*tS di^i’ng^dJc^^ and therefore the 

snsity of the electrolyte falls. 

Sometimes cities are supplied with alternating curren 
110 or 220 volts. Generally the frequency of the alter- 
Itina current is 40 to 60 cycles per second but it may be 
as at Srinagar (Kashmir). (The lower frequency, espe- 
Jly if it is not maintained at its proper value, produces 
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For operating motion pictures and magnetic arc lamps, 
for charging storage batteries and for various electrochemical 
industries, direct current is required. We should, therefore, 
have simple and easy appliances by which it may be possible 
to convert alternating current into direct supply. 

When lanjE quantities of A. 0. 'power are to be changed to 
D. C. however rotary convertor is used, which is nothing but an 
A. C. motor coupled to a D. C, generator. While getting such 
a convertor, voltage and frequency must he specified. 



Shows a very convenient charging equipment. 

Fig. 173. 

For converting small amounts of power, various devices 
are used, which ars called rectifiers. Some of the best 
known of these are electrolytic rectifiers, (Nodan valves) 
mercury vapour rectifiers. Vacuum tube (Tunger) rectifiers 
and vibrating rectifiers. Of these vacuum tube (Tunger) 
and vibrating rectifiers are widely used, in these one-half 
of the cycle is quenched. Theory of these rectifiers is 
beyond the scope of this book. At one end the alternating 
current is fed into them and at the other end direct current 
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To charge an accumulator (6 volts) 


' ‘t is Obtained. -'VaJley charger’' 

made by the General Electric Co. is an example of vibrating 

rectiher, it can be used for 25 to bO cycles and is provided 

accumulators at 2. 6, 12, 24, 
36, 48, /2 and 96 volts. It has got an ammeter also built in it. 

Experiment 107. 

from A. C. main. 

Apparatus—Rectifier (Tunger) or some other, 6 volts 
accumulator, ammeter, A. C. supply and connecting wires. 

Method.— Connect the A. C. supply to the terminals 

on the reetihers for the mains 
(Fig. 174). Join -|" (red) termi¬ 
nal of the accumulator to the 
+ of the rectifier and arrange 
an ammeter and a rheostat 
(not shown) in series with the 
accumulator. Adjust the rheo¬ 
stat to get the required amper- 


mimm 



Fig. 174. 


age and charge as described in the last experiment 


V 


CHAPTER XXXIII 

ELECTROPLATING 

Many household utensils which are made of white metal, 
brass, iron, steel or copper are plated with silver and nickel. 
Similarly many articles of jewellery are made of copper or 
brass and then plated with gold. 

When an electric current is passed through the solution 

of a salt, the salt is decomposed and the metal part of it 

moves in the direction of the current and is deposited at 
the cathode. 

Preparation of the object for plating. Before an object 

can be electroplated, it has to be prepared for plating 

trreatest care has to be taken that it should be absolutely 

. clean, for the presence of -grease, or dirt will spoil the 
resulting ‘plate’. 

First the object is secured and polished till it looks per- 
tectly clean, then to remove grease it is attached to a wire 
and dipped in a hot solution of caustic potash. It ia 
afterwards washed with water, next dipped in dilute acid, 
then washed thoroughly in water. Care should be taken 
that after the object has been dipped in caustic potash, 
it should not be touched with fingers, otherwise the grease 
of the fingers will spoil its surface and the deposit will 

not‘take.’ For good deposit this prelithinarv preparation 

IS absojutely necessary. 

Electroplating should be done in either stoneware or 

glass tanks. For work in laboratory, the size 30 cm. x23x 

cm. IS quite convenient. Bunsen cells can be used as 

^ source of current ; a rheostat should be introduced in the 

circuit tp regulate the strength of the current. Deposit 

adheres better if a relatively small current is used. For 

getting a good deposit adjust the current so that for every 

100 square centxmetre of area there is a current of I to I 
ampem, ® 

Jf the deposit is to take place on one side only then the 
area of one side is to be considered* 
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If the deposit IS to take place on two sides then coii- 
sider the area of two sides. When amperage is high, 
plating Will be crystalline and will scale off. To hasten 
-the process of plating, more amperes may be used provided . 
the electrolyte is continuously' stirred. 

The article to be plated is suspended from a brass or 

copper rod and is made a cathode and on either side of it 

arc sii.spended two anodes made of the same metal which 
JS to be deposited from the solution. 


The solution used for copper plating is copper sulphate 
u hich has been rendered slightly acidic by the addition of 
sulphuric acid. Nickel is deposited from a solution of nickel 
sulphate and ammonium sulphate. Silver from double 
cy^anide of silver and potassium and gold from double 
cyanide of gold and potassium. It should, however, be 
borne in rnind that for copper plating on brass articles, 
acid electrolyte as stated above is suitable, but in the case 
of iron and steel articles, acid electrolyte produces corro¬ 
sive action, therefore, we should use alkaline bath, i.e., 
the electrolyte should be of some copper salt to which 
potassium cyanide and ammonium had been added. In 
gold plating reddiish tinge can by imparted to the gold 
deposit by adding a small quantity of copper cyanide to 
the electrolyte. 



If any portion is not desired to be plated that should 
ibe covered with a coating of wax. 


Experiment 108. To electroplate a spoon with nickel. 


Apparatus .—Electroplating tank, spoon, a battery of 
two Bunsen cells, an ammeter a rheostat, nickel ammonium 
sulphate and ammonium sulphate, two rods of pure nickle, J 
•emery paper, plug key. 


Method.— Clean the spoon thoroughly by rubbing it 
sand brush or saw dust, wash it in clean water and 
Temove ^he grease as already described by dipping it in hot 
solution of caustic potash etc. Prepare the solution of 
nickel ammonium sulphate and ammonium sulphate and 
put them In the tank. Suspend the spoon from the cathode. 


'V 


electroplating 


on either side of Mhich we have two inode^ 
as shown in the fiLnire. 


:»I i 

es o( pure nickef 







4MAf£r£/^ 


Fig. 175. 

Include a rheostat and an ammeter iii the circuit use 

esVfloTs‘^\f°t/ amperes or 'ever 

fane T;, H e plating will be 

fane. Pass the eiirreiu for about half an hour or so remove 

brigKX:^' " it a 

Exercise.— Eleetiuphitc a |,,rk with, copper. 

[Use a simple Eiim^eu i,ell ,or an 
accumulator as source of current. 

Electrolyte is copper .^plphate to 
w hich a little of sulphuric ,acid has 
heeji added. Find Out ' approxi¬ 
mately the area of the fork, adjust 
the rh(‘ostat so that for everv 

loo sq. cms., of the area there is a 
current of ^ to ^ amperes. 

A very sin^ple arrangement is 
shown in (Fig. 176). The object 
to be electroplated is connected 
with the negative of the cell, but 
for better results the cathode 
should have an anode on its either 

Fig. 176. 



the electrochemical 


« 

Experiment 109 . To determine 
equivalent of copper. 

-Copper yoltameter. battery, key, resistance 
box or rheostat, ammeter or milliammeter, stop-watch a 

weight box ^ * 





4 



Anmetev 



Fig. 177. 

Method—In this experiment, a copper voltameter is to 
be used. It consists of a glass vessel containing solution of*, 
■copper sulphate with copper electrodes immersed in it. 

The plate which is to be made the cathode is thortuighly 
cleaned. No grease or oxide is allowed to remain on its 
surface. The plate is, at first, rubbed with sand paper and 
then washed with caustic potash solution. It is washed 
with water arid dried. After the cathode has been thorou- 
fhly cleaned, weigh it accurately, and then immerse it in the 
copper sulphate solution. Make the connections as shown 
in figure (177). The cathode is connected through a rheostat 
or a resistance, box to the negative pole of the battery. The 
anode is connected through an ammeter to the positive pole 
of the battery. 

Use a key in the circuit as shown in Fig. 177. In case 
the electrodes of the copper voltameter are quite close to one^^ 
another, place a glass plate between them so as to keep them 
separate. Close the circuit and adjust the rheostat till a 
current of one ampere begins to flow for every sixty square 
centimetres of the surface to be plated. Start the stop-watch 
the moment the circuit is completed, and allow the current 
to flow for at least | hour (1800 seconds). Record the 
strength of the current after every minute. After breaking 
the circuit, remove the cathode and wash it with water so 
a-s to remove copper sulphate solution from its surface. 



ELECTROPLATING 



Make the plate dry either -with the help of hot air or by 
pouring a little quantity of spirit over its surface and allow¬ 
ing it to evaporate. Then weigh the dried plate and find the 
amount of copper deposited. 

If M be the mass of copper deposited, Z the electro¬ 
chemical equivalent of copper, C the current in amperes and 
t the time in seconds, then 

M=za. 


Therefore Z 





Record your observations as given below : 
Initial weight of copper plate = 

Final weight of copper plate = 

. amount of copper deposited = 

Time=.seconds 


Strength of current = (l) (2) (3) (4) (o) (6) 

Mean =. amperes. 

Z= w ^ ^ grams per coulomb, 

Cx<. 

Precautions : 1. The plate should be thoroughly cleaned 
KO that there is no grease or oxide sticking to its surface 
otherwise the deposit would not be uniform and well adhe¬ 
rent. 


2. The plate should be weiglied aceuratelj^ by the 
method of oscillations, if possible. 

3, Tile strength of current must he ]>roperly adjusted 
BO that the deposit may not be brittle. 
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RESISTANCE BOXES, RHEOSTATS AND 

GALVANOMETERS 

Resistance boxes.— Eor comparison and measurement 
of resistances, it is necessary that we should have a unit of 
resistant (Ohm). For our purpose, it will be quite sufficient 
it wc were to have pieces of wires having a resistance of 1 
Ohm, 2 Ohms, 3 Ohms, or any number of Ohms. Generally 
such wires are arranged in resistance boxes, which consists 
of a series of silk covered coils would on a bobbin and they 
can be used in any combination. The wires used are made 
of certain alloys such as German silver, platinoid, mana- 
ganin etc., these are selected both on account of their high 
specific resistance and small variation in resistance due to 
any change in temperature. In all cases, in order to remove 
i self-jn<luction the wire is doubled on itself at its middle and 
is then wound, these are also soaked in paraffin wax to 
protect them from damp. The coils are enclosed in a box 
which is fitted with an ebonite top. The ends of the coil 
are brought through the ebonite and connected to thick 
brass b]ock>^ ])lacecl on the top of the ebonite. Plugs made of 


a 6' e 



Fig. 178. 

stout brass and having ebonite tops are fitted in the brass 
blocks as shown in Fig. 178. If the plugs are in, the current 
is led to A, it flows straight through ABCD because this path 
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offers % cry little re.si.stance but if the i iU'c out, the 
current has necessarily to pass throuizli the (cmI. it will’thus 
meet with the resistance offered by the coils. 

In using a resistance box, the following precautions 
should always be taken. 


(a) Insert and remove the plug with screwing motion 
in addition to the push or pull required for the purpose. 


{0} When the plug has been removed, tighten the plugs 
on either side of it, for the brass blocks on account of 
the pressure having been removed will have sprung slightly 

towards the vacant hole. Failure to do this leads to failure 
in many experiments. 


(c) Do not pass heavy current through a resistance 

box, otlierwise the coils will be heated and might get burnt- 

Take special care when vou are using accumulators as source 
of curr(‘nt. 




{d} Keep the ebnnitc surface always clean, 

1 ■ brass portion of the plugs should always be 

bright but never rub them with emery paper. If tiiese have 
to be cleaned clean them with brasso. 

(/) See that there arc no dust particles in the uaps bet¬ 
ween the blocks of brass. 
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Slidl&g—rhftft fl^aL It is an adjustable unknown resis¬ 
tance! FIgri79 represents a convenient form. The resis¬ 
tance wire is wound round an insulating cylinder., The slid¬ 
ing contact can be moved parallel to the length of the 
cylinder and makes contact with the resistanc^jjPTt carries a 
terminal which takes away the current. 


>^^c/Galvanoineters. The magnetic effect of a current can 
be lused for detecting its presence and measuring its strength. 
The term galvanometer is applied to the instruments which mea- 
ure the strength of currents. There are various types of in¬ 
strument in use but we shall consider here only two. 


\/^{a) Tangent galvanometer and (b) Suspended coil pointer 
type galvanometer. 


A 


Tangent galvanometer. Fig. 180 represents a tangent 
galvanometer. It generally consists of three separate coils 
of 2, 50 and 500 turns of wire wound on the same wooden 
ring and placed in the same groove, they have got slightly ^ 
different radii. These wires are joined to 4 terminals, so 
that they can be used separately or together. At the cen¬ 
tre of the coils is placed a short magnet which carries a 
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long but light aluminium pointer, the eiiHs ot this move 
over a circle graduated in degrees. There is also placed a 
mirror underneath the scale to avoid error of parallax. 
The wooden ring containing the coils is capable of rotatifui 
about a fixed axis. 

We know that if a wire I cms. long be bent in tlu form 
of a circle of radius r and a current C be passed in it, the 

1C 

magnetic field at the centre is given by F— . If this 

A\ire has been bent so as to have n turns then / —2Trrw. 

_ 27Trnc 27rnC 
• V— --- 

« t X ^ — * 

r* r 

When going to use the tangent galvanometer, its coil 
bas to be turned till it is in the magnetic meridian. In this 
position when the current is passed through the coil, the 
magnetic force due to it is at right angles to the meridian. 
The magnetic needle is thus acted on by the force F and 
by the horizontal component H of the earth’s field. As 
these forces are acting perpendicularly to each other, the 
needle will be deflected from the direction of the earth’s 
field through an angle p. In this position F=H tan 0. 

But 


27mC 


=H tan 0, 


or 




where C is in absolute units. 

Since 10 amperes are equal to one absolute unit of 
current, the above equation may be written 


C = 


C being in amperes. 


lOrH 

2 Tin 


tan 0, 


As the factor 


lOr 


2n 


is constant for a particular galvano¬ 
meter at a particular place, it is generally denoted by— and 

G 
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is put=K, which is called the reduction factor. Current 

IS m terms of tangent of angle of deflection —hence the name 
tangent galvanometer. 

Adjustments.— When using a tangent galvanometer the 
lollowing adjustments have to be made. 

ia) Level the instrument so that the coil is vertical and 
see that the needle swings freely and that it and the pointer 
are not dipping in any direction. Observe whether the 
needle always comes to rest at the same place or not. If 
not and in addition to it, its movements are slow and sluo-. 

gish, most probably it has lost much of its magnetism, the 

instrument therefore should be changed. 

{h) Turn the coil in the magnetic meridian, the small 
magnet should now be in the plane of the coil and the 
pointer attached to it should read zero zero. To see whether 
the coil has been placed in the magnetic meridian or not 
down into the instrument and place your eye so that 
the edge of ti,e coil just covers the image' of the edge in the- 

anti-parallax,mirror placed below the scale. With the eye 

ip this position, the edge, should cut the scale on either sido’ 
of the zero at the same graduation. If it does not, turn 
round the compass box (not the coil) till the above condition 
is satisfied. In this position the zero line is perpendicular 
to the plane of the coil. 

ic) Next turn the instrument (coil and compass) till at 
least on one side the pointer reads zero, 

(d) If the needle is pivoted, tap the instrument gently 
with your finger or pencil before the position of the pointer 
is read on the scale. 

(e) For finding the deflection do not calculate zero 
correction, read both ends of the pointer. In this way 
error due to eccentricity will be eliminated. Reverse the 
current and again take readings of both ends of the 

pointer. Mean of these four readings will give the value of 
the deflection, 

(/) The resistance in the circuit should be so arranged 

that the deflection should lie between 30® and 60°, Within 

this range the error made in taking observations will have 

slight effect. This error is minimum when the deflection 
is 46°. 











V / -4 




Fig. 181 
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Moving coil pointer type galvanometers :_A very con¬ 
venient type IS shown in Fig. 181 ^ 

It doc.', not require levelling or _ 

setting in any particular dkec- 

tion a.s ill the case of tangent r /* 

galvanometers. It has got an 

arbitrary scale of equal division ' \ 

and IS generally used for detect- i 

mg the presence of currents in 'Ml 
null methods. While using such / 

galvanometers, care should be /“•'•'r 
taken riot to pass heavy currents / / 

otherwise the portion near the .y ;~—_ |./ 

joint with the pointer will be ' ~—~ —— --y' 

fused. In these galvanometers Fig 181 

tlie coil is placed between the ^ 

pole-s of a very powerful permanent magnet. 

^ ^Ammeters. : -These are nothing but galvanometers of 

low resistance, graduated in such 
a way as to read the strength of 
currents directly in amperes or frac¬ 
tions of an ampere (Fig. 182). In 
the case of moving coil type instru- 
ments, the coil is mounted on pivots 
between the poles of a powerful 

magnet and its motion is controll¬ 
ed by hair springs. Some instru- 

■ dfff/® to work at 

ifferent rauges and are provided 

Pig. 182 must^'h^fl^^ 1 shunts. An ammeter 

when it is inserted in the circuit Tt resistance so that 
the strength of a current Tht^’ ^ ^ materially alter 

Tn ? ^ reSncf 

parts of"rclituit.^ with other 

an.l ‘.r '•>•!•“■>“ 8.1v.no„eter 

eibly smMl Th“hSr Ih, ‘ ”> it i» neglil 

Should a,..„ L oonnootoTlh ^ 

»et.r. » iimSd * th“ »“ul™ 





Fig. 182 
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MEASUREMENT OF RESISTANCE 

When the same electromotive force is applied to two 
circuits, it is not necessary that the same amount of current 
should traverse through them. The strength of the current 
produced not only depends on the E. M. F. applied but also 
on another factor called the resistance. 

Dr. G. S. Ohm from his experimental results has 
deduced and stated a law, which is known after his name. 

Ohm*S Law. In any simple circuit the ratio of the 
electromotive force producing a current to the current pro¬ 
duced is a constant, which depends only on the material, 
form and physical conditions of the circuit. This constant 
is termed the resistance of the circuit. 

Expressed in symbols, the law states 

? ^ a constant=R. 

u 

Ohm’s Law is true not only for the Avhole of the circuit 
but also for a part of it. When only a part of the circuit 
outside a cell or a dynamo is considered the law states : — 

Potential difference 


Current 


is a constant. 


When potential difference is measured in volts, and 
current in amperes, the resistance is in Ohms. 

P. D. in Volts T> • 4 . • 

-^— -^Resistance m Ohms. 

Current m Amperes 

For purposes of practical measurements, the Interna- 
fioncU Ohm is defined as the resistance of a column of mercury 
130*6 cm. long and 1 sq. mm., in area of cross section at a 

temperature of 0®C. ^ 

The reciprocal of resistance, i.e., 

Experiment verify Ohm’s law with the help of 

ammeter and voltmeter. 


^ is called conductance^ 
R 
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Ajtparatus .—A wire of manganin w of .some other ailoy 
about a metre in length stretched on a board, (slide wire 
bridge will do), a voltmeter and an ammeter both reading ta 

•0r> of a volt and an ampere, rheostat, and an accnn)ulator 
or a Daniel cell and a plug kov. 

Method. Arrange the apparatus as shown in the Fig 

183. 


A B is the manganin wire. Put the ammeter and the 


- A 


SMMere/i 


W SOsr/i r^ rheostat in series with the wire 

r* " T r -^ voltmeter in 

LZJ -* * parallel with it.. 

J ^ Adjust the rheostat so 

T ^ that a small current which 

I_^ - can be read accurately traver- 

4--circuit. Note the read- 

I \V0LTM£7if^ ing of the ammeter as well as 

that of voltmeter. Next in. 
Fig. 183. crease the current by shifting 

the contact point of the rheostat and read both ammeter 
and voltmeter. Contuiue the process and take several 
readings. Tabulate your results thus ; 


m7M£T€f^ 


Fig. 183. 


Reading of voltmeter or 
Potential difference 
, P. D. (volts) 



Trftcauiions, —1. The terminals marked+on the ammeter 
and the voltmeter should be conjiectod to the -|-pole of the 
battery, similarly—terminals to the negative pole. 
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2. Kev must be inserted in the circ!nt and the currer 

should be passed fora short time onl}' fora time ju 

sufficient to note tlm readings. 

3. Clean the ends of the wires with sand paper. 

4. See that all the connections are titrht. 

Verification of Ohm’s law with tangent galvanometer 

If ammeter and voltmeter with finely divided scale are n 
available, the experiment can be performed with tange 
galvanometers. In this case a commutator should be intr 
duced in the battery circuit and connections should 1 
made as shown in Fig. 184. ’ 

The rheostat if not available can be replaced by 
resistance bo:^, but with a rheostat the results are better. 

Use oO turns in the case of the galvanometer P an 
50<) turns in that of Q. Adjust both the galvanometers. 

Take out a sma 
resistance, say 1 ohn 
from the box and not 
down the deflection ( 
both the ends of the tw 
galvanometers. The 
reverse the current an 
again note the defle( 
tions. Find out mea 
deflection for each of th 
SO TURNS galvanometers P and 

Fig. 184. Next change the resif 

tanee slightly and repeat the observations. Repeat the proce; 
three times. Resistance taken out from the box shout 
not be more than 3 or 4 ohms. 



Show that 

•I 


tan 

tan 



a constant. 



/ 


measurement of resistance 


Tabulate your results thus. 


Galvanometer P. 


Direct 

current 


Peversed! c 

current \ o \ ^ 


Galvanometer Q. 
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C 


Direct Reversed ^ c 
current current ^ ^ 


c 

<D 


1 TJ 


metef Md *SeYer a coil by am- 

Apparatui. -Voltmeter reading to|- th of a volt, ammeter 

reading to ^ th of an ampere, cell or accumulator, plug 
sand p^pS“^ resistance is to be found, wires, 

taki^*carl^at^fvf®,V^® apparatus as shown in the figure 
8 the+termmal of the ammeter is connected 

with the+pole of the cell and similarly 

>fA8i#yvv!» of the voltmeter are 

■f ,1 >y f'igntly connected. The voltmeter must 

I be put in parallel with the coil and the 

I 4 ammeter in series with it. Before passing 

I- L- M the current, find the value of the smallest 

r division of the ammeter and the voltmeter 

there is any zero error in 

^•“^1 ui and the pointer is 

adjustable, ask the teacher incharge to remove the zero 

error. 


Fig. 185. 
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Pass the current by inserting the plug at K adjust the 
rheostat and note the deflections in the voltmeter and the 
ammeter. The ratio between the voltmeter and ammeter 
readings give the resistance of the coil. Take three observa- 
'lions by changing the rheostat contact. 

Record your observations thus : 

Zero correction of voltmeter= 

Zero correction of ammeter— 



Voltmeter 

reading 

E 


Ammeter 

readino; 

0 


Resistance 

(Ohms) 


Note.—I f the scale.s of voltmeter and ammeter permit, 
repeat the experiment with two coils in the circuit. 

Exercises 

(1) Find the resistances of an electric lamp or a bell. 

(2) Compare the resistances of 250 cm. of No. 30 copper 

and german silver wires. 

(3) Find the hot resistance of an electric bulb. 

Use a voltmeter of range 250 volts in parallels 
with the circuit.] 

(4) Prove the relation 0 = --{- — where and 


VOLTMETER 






KEY 


Fig. 186. 


are two unknown resistances 
connected in parallel and 
R their equivalent resis¬ 
tance. (A voltmeter and an 
ammeter are provided.) 

—First find the 
values of the individual resis¬ 
tances fj and r, as described 
in experiment 111. Next 
connect them in parallel as 
shqwn in figure. Note the 


of the ammeter and voltmeter. Dividing the volt- 
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meter reading by the ammeter reading we get the equiva- 
lent resistance, show that this is eqTi,.! to For tak 

mg more than one observation use a rheostat l,et ween the 

cell and the ammeter or the cell and the key.l 

(5) Prove the relation where r, and r. are 

unknovTO resistances connected in series, ^ 

[Hint : —As m the last exercise first find the individual 
resistances and r.^ 

then connect them ^_^VGlTPittTeW 

in series as shown V ' ' 

in the figure 187. 

Dividing volt- _* _ I 

meter reading by j ^rirmr% 'nri»rt» 

ammeter reading cal- j yj ^ | 

dilate R and show L ^ ^ I 

that it is equal to ^ 

•r 4-r 

icr 


ANt4£T£B 




Fig. 187, 






(6) Connect in series the viven pcill « , 4 . 

ctr'diffe ‘>f-adings of the"current 

C for different values of the resistance T? in 

..bulate, Plo. . 
and p . 

^ [tfin^^Make connections as shown below.] 


P.BOA 


AMMETtp 

~C/V-. 


Tabulate thus :_ jgg 

Zero correction of ammeter^ 


Resistance . I 

Ammeter reading! 


Corrected ammeter 
reading 
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MEASUREMENT OF RESISTANCE BY 

WHEATSTONE BRIDGE 

Resistances can be very conveniently compared by an 

arrangement known as Wheatstone Bridge. 
This consists of four resistances P, Q, R and 
S, which are arranged in the form of a 
quadrilateral. The ends A and C are joined 
to the two wires from a cell and the end B 
and D are joined through a sensitive galvano¬ 
meter. The current which enters at A divides 
in two branches, one going along ABC and the 
other along ADC. There is a continuous fall 
of potential both along ABC and ADB, but 
we can so adjust the resistances P,Q,R, and 
S, that the potential at B is equal to potential 
at D. When the points B and D will be at the same 
potentials no current will flow in the galvanometer and it 
will show no deflection. In this condition, suppose the 
currents through P,Q,R and S are C,, Cj, C, and C 4 and 
the potentials at A, B, C and D are V^, V/,, 

Prom Ohm’s law we have 



Fig. 189. 


V^, and Vrf. 


= PCi 

= QC, 

But as V^= Vrf 

/. PGi = RC 

PC, 


( 1 ) 

(3) 


Va 

Vrf- 


-V^ 

V. 


8 


and QC. 


RC. 

SC4 


SC, 


{ 2 > 

(4> 


RC 


or 


QC, ^ SC 


But as no current goes in the branch BD 

J> 

Cj^C, and 03^04 or q-:= g • 

Measurement of resistances by the Wheatstone Bridge- 
method is done either with the help of Slide Wire Bridge or 

the Poei Office Box. 
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Slide wire bridge.—Fig. 

bridge. As the wire employe 
length, it is also called a metr 
It consists of one metre 
manganin wire, stretched 
along a metre scale and 
■with its ends soldered to 
stout copper strips A and B 
<^f infinitesimal resistance. 
There is also another thick 
copper strip provided with 
terminals at H, C and K. 
Between the two gaps are 
placed the unknown resis- 


190 represents a slide wire 
d is generally -me metre in 
i bridge. 

of uniform german silver or 



tance and the resistance box R, The two terminals of a cell 
are connected to A and B through a key K..One end of a sen¬ 
sitive galvanometer is connected to C and the other to slid¬ 
ing contact or jockey, which moves over the wire. As resis¬ 
tances are proportional to lengths, the two parts of the wire 
1 e., Zj and Z, form the ratio arms of the bridge. 


Experiment 112 .—Find the resistance of the given coil 
«y the slide wire bridge. 


Slide wire bridge, sensitive galvanometer 
(Weston pointer type). Leclanche cell and the coil. 

Method, Connect the apparatus as shown in the figure 
19(t, X is the given coil, R the resistance box. The key K 

must be inserted in the circuit 30 that the current may be 

cut off when the observations are not being taken. In this 

experiment we have to fix the position of a point on the 

wire y means of a jockey so as to give no current in the 
galvanometer. 



To start the experiment, take out a plug from the resis¬ 
tance box, tighten the two plugs lying on the tvo sides of 

the plug removed. Note the direction in which the needle 
of the galvanometer moves when contact is made near one 
end of the wire and then near the other end. If the deflec¬ 
tions are on opposite sides, the connections have been made 
correctly and 3 ’ou can proceed with the experiment. The 
balancing point will be between these two positions. If the 
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deflectioas ire i;i the same directi.'^o in the two cases, then 
either the ronMcction is somewhere faulty or that of the two 
resistances x and R, one is very much greater than the 
other. Change the resistance of R and check. To get 
good results, it is necessary that the resistances R and x 
should be of nearly the same magnitude adjust the 

resistance R from the box and get the balancing point 
near the middle of the wire. Measure and Next 
increase R slightly and get new position of balance, then 
decrease R a little and find the third new position of 
balance, 

4 

For each position caiculute separately the value of x 

- = or x=R 

R h ■ 

Record your observations thus : 

Toil used No. 

Resistance 
taken out from 
the box 


Precautions : —1. Insert a key in the battery circuit. 

2. Jockey should be pressed gently but firmly. 

, 3 . Do not keep the Jockey down longer than is 

< absolutely necessary. 

* 4. Balancing point should be got near the middle. If 

^ the ratio between the two^arts is more than 3 : 2, change R. 

5 . Wire of the metje bridge should be cleaned. 

t Experiment IIS _ Ptove the laws of resistances in senes 

t and in parallels. 

! Three different coils and the same appara- 

^ tus as given in experiment 112 . 
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First Rnd the resistances of the coils separate!}' with a 
slide wire bridge as described in experiment 112. .Let the 
reaists'.nees be and ra ohms. 

^ Find the sum of r^, r, and r^. 


% 

4 



tz T. 



(Series arrangement) 


Fig. 191 

tv., f resistances r,. r, in series as shown in 

that the balancing point 18 nearly in the middle - note the 
lengths ii and Zj. Repeat the experiment a number of times 
by changing R m the resistance box. 

Calculate the joint resistance x. 

Record your observations thus ■— 



No. of obser 
vations 


Resistance 
taken out 
from the box 
R 


|cmB. 

I 


ems. 


i x=r {i 

L 



Verify that x is equal to rj+r^-j-r... 




V 
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(Parallel arrangement) 

Fig. 192 

Connect the coils in parallels as shown in Fig. 192- 
taking out suitable plugs from the resistance box, ^jus 
so that the balancing point lies near the middle of the wire. 
Repeat the experiment by suitably changing R. Calculate 

the equivalent resistance S. 


Record thus : 


•‘i 


4 

I 


t 

1 

£ 

i 

] 


1 

No. of obser¬ 
vations 

Resistance 
taken from 
the box 

R 

1 

h 

cms. 

! 

1 

1 

;3=(100-^) : 
cms 

S=R 

(1) 

1 

1 

1 

» 

1 


1 

1 

1 

1 

(2) 


1 

1 

i 


(3) 

1 

1 

1 

1 

1 


Mean S= 


Now 


- +Y 






« faf34'V3-^^T''^2 

Verify that S= “Wr • 

Note. Instead of using three coils use only two 
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1 itcauiions :—Same as in experiiueiu, ]12. 

Eiercise (1). Show tliat the resistanee of a wire is pro¬ 
portional to its length. 

Find the resistance of 3 pieces of wire cut from 

the same long piece, but in length 50, 100. 150 cms. r<-spcc- 

tivejy. To get exact length between the binding terminals, 
cut each wire 1 cm. longer than given above. Bare both the 
ends upto 0*5 cm. and bend the bared ends to a right angle. 
BJace the bared ends in each of the two binding screws 
taking care that the wire leaves the binding screws just 

where the bend is situated. The portion of the wire in the 

binding screw will not offer any resistance. Connections are 
to be made as in the last experiment. 

Exercise (2). Given a manganin wire, ivbat length of 
IS vviie will be required to make a one Ohm coil ? 

Is * resistance of a wire 1 cm. long 

and having an area of cross secrion 1 .sq. cm. is called the 
peci c resistance of the material of the wire. Resistance 
o a wire is directly proportional to its length, inversely 
proportional to its area of cross section 




R 


I 

— or 

a 


R = 


Kl 


a 


where K is a constant depending on the nature of the material 

^ ^ wire. It is called the specific resistance or the 
s'esishvity of the material. 

Experiment 114. — To find the specific resistance of a given 
piece of wire. 

Apparatus as m experiment 112 but instead of a 

eoil use a wire of german silver or of some other allov 101 
cms. in length. 

Method,— Proceed exactly as in experiment 112 and find 
the resistance of the wire, While connecting 0*5 cm. 

each of the binding screws as described already. 
The effective length of the wire will thus be 100 cm. Bare the 
wire at a number of points and measure the diameter at 
least at 10 different places by means of a screw gauge and 
calculate the mean value of r and from that the value of a 
"the area of cross-section, using the formula a= 7 rr*. 
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Stretch the wire along a scale and measure its lengthy 
allowing for the length under the binding screws. 

R=K ^ 
a 

where Rr=resistance, Z=length of the wire ; a—area of 
cross-section. 

I.C., K= 

Express the result as.10*“®. 

For recording observations for the measurement of the 
resistance E,, use'll he same table as in the last experiment. 

Record the other observations thus : 

Zero correction in the micrometer screw gauge^ 

Diameter of the wire .(2) — (3) .(4) . 

.(8).(9).(10).Corrected mean r== 



Metal 

used 


Cross- 

section 

Trr* 


Resistance R 


R7rr2 

K= - - 


Precautions.—At least 10 readings should be taken for 
the diameter at different places. Other precautions 

same as in experiment 112. iA,.^oriin€yH 

Question.—Why should we take so many as 10 readmes 

for the diameter ? ^ r 

post office box.— This is a more compact form of th 
Wheatstone Bridge and a resistance can be measured by 
more accurately than by a metre bridge. ^ ^ 

We have seen that when the bridge.is balanced q =§- 
Thus when B and the ratio | are known, S can be found 


itt once. 
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a Post office box, we have a nniiiber <>f resistance 


niSi 




a js 


\ K 


SAr. 






Fig. 193 A. j.jg jgy g 

Sf lettertd sim-iaHr" ^ B 

called the ratio armrand el^h^f +1,^ ii^ 

three coils of 10 100 and S ^^f^hese generally consits of 

i « R consistt „ arm AD, 

1 ‘to 4oZ OK of a number of coils ranging from 

r?K K ^ '^•re passing under tL ebonite 

cover of the box connects A to the stud of the ker(a) and 

Ty (l)^ White'’hue 5 " fh. 

Key (£.). White hoes drawn on the cover of the box show 

pe™«n ent conneotioD,. The reei.tanee S to be o,.„ur.d 

eCi^S to C air “■ te,».i„Jr,“te 

nnected to C and a and the galvanometer to b and D. 

hnv Jif£ '"?*"‘^f„a'''rangement of resistances in a Post office 

an V d fficnOv Patterns. The students will not find- 

any difficulty in identifying the ratio arms and the adjust- 

able arm. The top of the box is marked generally with 

i"u 2 d for C Ld Z only B 

mettr r<o« 1.® o^rbon, zinc, earth, line and galvano- 

resistanoc ^ battery. The hnknown 

resistance ,8 connected between E and L, battery between 

of course galvanometer to G and G. The apparatus, 
bill fi.e * j*' connected with the help of these letters 

diaeram a*s alway.s draw his own standard 

, g na as m Pig. 193 and connect up the parts. 
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It should be noted that the positions of the battery 
and galvanometer can be interchanged without affecting 
the result in any way, t.e., the battery can be connected 
to B and D and galvanometer to A and C. 

While using a Post office box, the plugs when removed, 
should be put in the lid of the box and not on the table 
and care should be taken not to mix the plugs of one box 
with those of another 

Experiment Jlo.—To find the resistance of the given coil 
hy Post office box. 

Apparatus ,—Post Office box, Leclanche cell, sensitive 
galvanometer (We-^ten Type), connecting wires and the 
coil of which the resistance is to be found. 


Method.—Connect up the apparatus shown in previ¬ 

ous diagrams. Draw the standard diagram of the Wheat¬ 
stone bridge and check your connections. The unknown 
resistance is to be connected between C and D, t.e., the 
terminals marked L and E by the manufacturers. Before'^^ 
performing the experiment, press firmly with slight twisting 
motion every plug and see that all of them are tight and 
no screw where a wire has been joined is loose. 


Now remove the plugs marked 10 in each of the ratio 
arms and with no key out from the arm R, press first the 
battery key and then the galvanometer key, see the direction 
in which the needle of the galvanometer is deflected. Next 
take out tho plug marked infinity* and again depress the 
keys. If all the connections are correct, the deflection will 
be on the opposite side. If not check your connections 
and tighten the plugs and see that yon get the deflection 
in the opposite direction. Replace the infinity plug and 
take out the plug corresponding to any 1000 Ohms and 
observe the direction of deflection. If the deflection is in 
the same direction as it was with infinity plug, the 
re^q^ance 1000 fs too large. Try the next lower plug and 
so oa,till you find that the direction with plugs differing by 
unitjA^ay 64 and 55) is in opposite directions. This means 
thafuMB unknowm resistance S is between 54 and 55 Ohms. 

nMbke the ratio arms as 100 : 10, when the 100 
Ohzn"|X^I^ taken out, the 10 Ohm plug of that arm should 
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be it back in its position, 100 Ohm plug should be taken 
outfrom the arm in continuation of which there is the 
adjjtable arm R. In the diagram it should be taken out 
fro the arm AB. Adjust the resistance R, till approxi- 
ma; balance is obtained. In this case R is to lie between 
r>4Und 550 Ohms. Find the two resistances differing by 
uny which will give deflections in opposite directions. 
Supose these are 547 and 548, The resistance S is there¬ 
for between 54‘7 and 54'8 Ohms. 


Next remove the plug from 1000 Ohm coil and insert 
th plug in 100 Ohm coil. The ratio of the arms P and Q 
isiow 100 : 1. R is now to lie between 5470 and 5480. 
Fid out the two resistances differing by unity which will 
gie deflections in opposite direction. 

Record your observations thus : 

Coil used.—. 



Precautions, —1. See that all the plugs are fitting 
tightly in their holes, 

2. Insert and i_L J plugs with a slight screwing 


motion. 


3, When any plug is removed, tighten the two plugs 
lying on its two sides. Press the keys momentarily. To 
decrease the effect of self induction, battery key should be- 
pressed first and then the galvanometer key. 



CHAPTEE. XXXVII 

COMPARISON OF ELECTROMOTIVE 

FORCES OF CELLS 

Electromotive force. —Eloctromotiv'e force of q ce is 

the force driving electricity through the whole of the dint 
of a ceU. It IS written as E. M. F. It may be fat 

one portion of it drives the current through the rxieial 
•circuit and the other through the liquid of the cell fee 
former is called the Potential Dilfereace (P. D.) between Le 
plates. When the current is flowing, the P. D. will be jss ■ 
than the E. M. F. because some force is spent in drivino- he 
current through the liquid of the cell. Thus the distinctbn 
between E. M. F. and the P. D. between the terminals^ 
cell is that the former is the total difference of potential Ki¬ 
ting round the whole circuit including the liquid, whilst tie 
latter is the difference of potential between the positive aid 
the negative plates of the cell. 


Thus on open circuit, i. e., when the current is not flow¬ 
ing, the E. M. F.=P. D. between the plates It is not posa¬ 
ble to measure the E. M. F. directly, we can measure it in 
terms of potential difference it creates at the terminals $n 
open cirouit- 


Fall of potential along a wire carrying current :_When 

a current flows through a wire of uniform area of cross sec¬ 
tion, there is a continuous fail of potential along it, Thas 
ifA, B,C, D and E are the points on a conductor, the 
difference of potential between A and B is greater than that 
between B and E or C and E. 


Experiment 116 .— Using a Voltmeter, show that the fall ^ 
of potential between two points qn a uniform wire carrying ^ 
current is proportionrl to its tween them. 

—Voltmeter reaaiiig to *05 of a volt; jockey 
or knife edge, plug key, 2—4 volt battery, wire board havi- 
ing one metre of a thin resistance wire of ruanganin, plati¬ 
noid or German Silver stretched on it along a scale with two 
terminals at the end. 
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Method.-Connect one of the voltmeter r + ) to ih^ 

terminal of the 'nire near the zero 
division of the scale and to this end 
connect also the + pole of the battery. 

Join the other end of the voltmeter to 
the knife edge. The negative pole of 
the battery should be connected 
through the key K to the other 
terminal on the wire board. p'jg 

Note the zero error in the voltmeter if any. Place the 

knife edge on the wire opposite the 20th cm. mark and note 
the reading on the voltmeter. Knife edge should press on 
the wire gently. Remove the plug from the key vou 

are recording observation in your note book Next t^tt 
observations opposite 30, 40, 50. 60, 70. 80 cms. marks fS 
the forward inotion and also at the same points for the 
backward motion. Take mean of the deflectir»n of u 
point. Plot a curve between I {abscissae) and 9 (ordinate). 

Record your observations thus ; 

Zero reading of voltmeters 

Correction factor= 



Length of 
wire (Z) 


Voltmetor reading. 

1 

Corrected volt¬ 
meter reading 

Mean 

Volt per 
cm., V/L 

Forward 

motion 

Backward 

motion 

Forward 

motion 

Backward 

motion 

1 

t 


( 

4 



Mean fall of potential per cm. of wire = 

Fall of potential for any length 

^ accumulators are used as source of current 

Winn® T ° necessity of taking observations % the backward 
motion. In this case wire should have 8uffici©iil:«»a4,tanoe 


or 
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better, an additional resistance may be introduced in the 
<!ircuit. 

(2) If deflections obtained are small, a board bavintr 4 
to 5 metres of wire stretched on it may be used. In this 
case the first reading should be taken at about 250 cm. 


Precautions. —1. Pass the current for just as much time 
as is necessary for taking a reading, 

2 Press the knife edge gently and Keep the contact 
steady. 


3. Wire of the wire board should be cleaned. 

Second method by using tangent galvanometers. 

Connect the apparatus as shown in the Fig, 195, AB is the 
wire stretched on the wire board. 





rcso 

7vms 


50 turn coil of the galvanometer 
P should be connected and 500 turn 
coil of the galvanometer Q. A 
commutator is to be used as shown 
in the figure 195. 



a 


r6:500 


Fig. 195. 


The galvanometer Q (high resis¬ 
tance) will serve as voltmeter ; one 
end of it should be connected to A 
and the other end to a knife edge 
which can move along the wire. Set- 
the two tangent galvanometers. 
Place the knife edge on the wire 
opposite the 20 cm. mark, note the 


deflection of both ends of the pointer of the galvanometer 

Q Reverse the current and again note the deflection. Move 
the knife edge to 40, 60, 80, and 100 cm marks and note 
the deflections (forward motion) both for direct and reversed 
current. Repeat the observations at the same marks for 
backward motion also. If the deflection be very large a 
small resistance should remain constant throughout the 
experiment. Find mean value of the deflection for each 
position and find the ratio between the tanpnt of the. 
angle and the corresponding length. Note also deflection 
of the galvanometer P both at the beginning and the end of 
the experiment. It is used to show if the current remains- 

constant during the experiment. 

Record your observations thus: . 

Deflection of the galvanometer P at the begmning 
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Deflection of the galvanometer P at the end = 


Length of Deflection of 


the wire 


gaJvanometer Q 


Mean 

e 


tan ^ 


tail e 
Length 


1 Direct jReversed 

» I 

■ current 1 current 



Precautions .—1. Same as in the last esperiment. 

2. The deflection of the galvanometer P should remain 
constant, if it has changed, it means that the current has 
not remained constant during the experiment. 

Potentiometer : —It is an apparatus used for comparing 
E. M. F. of cells. It consists of ir 

a long stretched manganin or ~ M? ■ 

platinoid wire of four metres or I 11 *" ' 

more in length and having a I ^ ^ I 

uniform area of cross section. if * ; r _ f 

The wire is placed along metre ^ 

scales on wire board and is /•V Qc 

arranged in zigzag fashion to 

economise space. It is also ^ 

provided with a sliding contact ^ 

or jockey so that the contact can 196. 

considering the 

to hp^ ^ method, it will be simpier to consider the wire 
to be 1 metre m length, as shown in the Fig. 196. 


if 


'Pa 


•’a 

c 


Pig. 196. 
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A constant battery C coTisiVting of one or two acciuniiJa- 
tors is connected to the points A and B through a plug key 
K. The positive pole is cojinectcd to A. and are two 
cells of which the E. M. E’s are to be compared. The positive 
pole of each of tliese also is connected to A, the negative 
poles are connected to a two way key, a resistance box, a 
sensitive galvatnnneter (Weston) and a sliding contact as 
shown in the figure. 

When the current from the battery C is passed, there is 
a regular fall of potential along the wire from A to B. Kow 
pass the current also from while current from C is passing 
and move the sliding contact forward and backward and 
hnd a point on the wire which gives no deflection in the 
galvanometer. As there is no current in the galvanometer, 
it means that the point Pi and the pole of the cell connected 
to the galvanometer are at the same potential, t.e,, the fall 
of the potential through the cell Ej is equal to the fall of 
potential between the points A and Pj on the wire. As no 
current is passing through the cell E^ therefore the difference 
of potential between its terminals is equal to its E. F. 

Thus exactly equal to the difference of 

rotential between A and Pi and as the wire is of uniform 
area of cross section, th’s potential difference is proportional 

to the length APj of the wire. 

The cell Ej is then put out of circuit and with the cell E^ 

in circuit, a point P, is found in the same way such that tho 

E. M. F. of E 2 is proportional to the length AP 3 . 


We have thus 

E A.E ^2 

Exverime'nt lir'-To compare the E. M- F’s of two cells 

n potentiometer method. , ^ , 

^ Potentiometer, one or two accumulators, 

two cells (Leclanche and Daniel) resistance box, Weston or 

some other sensitive galvanometer, one plug key, one two 

sray key, connecting wires, jockey etc. 

^ Method —Make the connections as shown in the last 

iBure taking care that all the positives of the three cells 
Stordreuit must be introduced. The two key resistance 

..y 200 Obm. from tta bo., ...e,. the 
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gug inthe key K, and pass current from the cell E also 
Put the sliding contact first near one end of the wiri o J 
then near the other end and see whether the deflections "of 

the needle are in opposite directions mr your connS„n 
are correct and you can proceed on with the experiment 
if not, either your connections are faulty or the M p If 
the accumulator is less than that of E^. • J. of 

the the sliding contact on the wire and find a point on 

will pve roughly the position of the balfncine point 

put back the plug taken out from the resisUn^ce bAx 
with zero resistance from the box find accurately the ’no!'’ 
tion of the balancing point P. and read the length A P 

Once again take a reading for the first cell P anW 
mean value in the calculations. ^ ^ 

Repeat the experiment and calculate results separately. 
Record your observations thus 
Standard cell used :_ 


No. of 
observa¬ 
tion. 


Balancing 
point for E^ 


Balancing point 
for PJ, 


E„ 


Mean of &— 
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Precautions* — !, Clean the wires of the potentiometer. 
Use Brasso rather than sand paper. 

2. Clean with sand paper the ends of the connecting 
wires. 

3. See that all the + terminals of the cells are at one 


point. 

4. Insert a key in the accumulator circuit. 

5. Do not pass current for a long time. 

Experiment 118 .—Comparison of E. M. F’s. of two cells 

^sing a moving coil pointer type galvanometer. 






Fig. 197. 

Apparatus :_Two cells, resistance box, two way key, 

galvanometer (Weston) or some other sensitive type and a 

reversing key. 

Method.— Arrange the apparatus as shown in the figure. 
Put the plug in the position A when the cell E| will be in 
circuit and take out a fairly high resistance, about 3000 
ohms» from the resistance box so that the deflection in the 
galvanometer is about 15 to 18 divisions. Note the deflec¬ 
tion e Then reverse the current in the galvanometer and 
note $ "• Get the mean of the two observations and call it 
g . Next with the same resistance change the plug to the 
position B and note deflections as before and get ^2 when 

the cell E* is in circuit. , -../r 

Take two more independent observations, with diiierent 

resistances in the circuit. Use of the reversing key is not 

^nt. 
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Calculate -;^=— for each of the observations and take 
mean. 

Tabulate your observations as shown below. 


No. 

of 

obs. 

1 

1 

1 

Cell F., 

Cell !•:. ' 

1 

Resistance 
taken out -g 

QD 

s 

_ _• 

1 

1 

Reverse 

' 1 

<5: 1 

1 C 

' ci 

1 

Direct 

Reverse 

c 

rt 

a> 

i^)=i 

Eg 0‘ 

1 

% 

1 

1 

1 

1 

I 

i 

1 


1 

1 

1 

2 

« 

1 

i 

1 






1 

1 

J 

1 

4 





3 

1 

! 

1 

1 

1 

1 

f 



1 

} 


4 

} 

1 

1 

1 

1 

1 

1 


\ 

j 

1 

1 



Precaiitio7}s. Clean the ends of wires. 


2. Connectic :„hould be tight. 

3. Do not pass a heavy current. 

4. Insert a high resistance in the circuit. 

•"». Do not pass the current for a long time. 

NOTE. — For independent observations, experiment should 
be repeated with different resistances. 


Experiment 119 .— 
by sum and difference : 
(Weston type). 


Comparison of E. M. F’s. of two cells 
method using a sensitive galvanometer 


When cells are helping oacli other 
Cr., for (E,4-E.^) make connection as 
shown in the figure. Put the cells in 
sfuies Ce., connc^ct the ^terminal of 
the one with the —tive of the other, 
'I'ake out a high resistance from, the 
rosistnnee box and note the deflection 



Fig 199. 

Cells helpinp 
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/?*8 

Fig. 199. 

Cells in opposition 


Next put the cells in opposition 
i.c., for (E^—Eg) join the two nega¬ 
tive terminals or the two positives 
together and with the same resis¬ 
tance in circuit note the deflection 

^2* 

E~ 


2 ^2 

Change the resistance and take two more independent 
observations. 

Notf .—Resistance taken out should not he so high that 
the deflection becomes very small when cells are in opposition. 

Tabulate vour observations thus : — 


Resistance 
taken out 


Cells helping! 
Deflection 

Ox 


Cells in opposition ^ 

Deflection ' “ 

P. 


'Eft $\ P 


( 1 ) 


( 2 ) 



•V - ' • • 'J ^ 


t 


Jf * 


I 










4> 


■I 4 '■ 

V- 

/. 


•• 












V - , 





